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Chapter  1 


Introduction 


Illinois  is  rich  in  surface  water,  with  ap- 
proximately 900  interior  streams  and  85,305  man- 
made  and  natural  inland  lakes  and  ponds. 
However,  more  than  34  percent  of  the  lakes  have 
shown  a  definite  decline  in  water  quality  between 
1972  and  today.  The  decline  is  of  concern  be- 
cause these  surface  waters  are  used  as  a  source  of 
drinking  water  by  many  Illinois  communities. 
The  water  quality  problems  also  limit  recreation 
and  shorten  the  life  span  of  the  lakes. 

Surface  waters  (lakes  and  streams)  are  more 
impaired  by  agricultural  activities,  hydrologic/ 
habitat  modification,  and  point  sources  than  is 
groundwater.  These  activities  contribute  to  sedi- 
ment and  nutrient  loads,  suspended  solids,  pes- 
ticides, organic  enrichment,  and  overgrowth  of 
aquatic  plants.  Lakes  also  inherently  function  as 
traps  or  sinks  for  pollutants  from  tributary  water- 
sheds or  drainage  basins. 

While  overall  statewide  groundwater  quality 
has  been  assessed  as  being  good,  past  and  present 
activities  have  contributed  to  groundwater  con- 
tamination in  Illinois.  Studies  have  shown  that  12 
percent  of  private  rural  wells  in  Illinois  have 
nitrate-nitrogen  levels  exceeding  the  drinking 
water  standards  of  ten  parts  of  nitrate-nitrogen  per 
million  parts  of  water  (10  ppm),  and  45  parts  of 
nitrate  per  million  parts  of  water  (45  ppm).  In  ad- 
dition, 25  percent  of  the  wells  have  bacterial 
contamination  problems.  Approximately  12  per- 
cent of  the  population  in  Illinois  depend  on  these 
private  rural  wells  for  their  domestic  water  supp- 
ly. An  estimated  49  percent  of  the  total  popula- 
tion use  groundwater  in  their  households. 

Many  activities,  past  and  present,  contribute  to 
groundwater  contamination  in  Illinois.  Major 
sources  of  identified  contamination  include  leak- 
ing underground  gasoline  storage  tanks  and  the 


large  number  of  above-ground  storage  and  dis- 
posal sites  such  as  petroleum  storage  areas, 
agricultural  chemical  operations,  salt  piles,  and 
landfills.  In  addition,  groundwater  is  at  shallow 
depths  throughout  much  of  Illinois. 
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Illinois'  Rich  Water  Resources 

Illinois  has  a  wide  variety  of  surface  water 
resources.  Rivers  and  streams  in  and  bordering 
Illinois  include  a  total  of  14,080  river  miles.  The 
state  is  bordered  by  three  major  rivers:  the  Mis- 
sissippi to  the  west  and  the  Ohio  and  Wabash  to 
the  southeast.  These  rivers  constitute  880  bor- 
der river  miles.  The  other  large  rivers  include 
the  Rock,  Fox,  Des  Plaines,  Kankakee,  Illinois, 
Sangamon,  Kaskaskia,  and  Big  Muddy. 
Streams  range  from  high  gradient  brooks  to 
cypress-lined  lowland  backwaters.  The  Missis- 
sippi, Illinois,  Ohio,  and  Kaskaskia  Rivers  are 
equipped  with  locks,  dams,  and  maintained 
channels  to  serve  as  important  transportation 
routes.  Approximately  75  percent  of  Illinois  in- 
land lakes  are  man-made  impoundments,  includ- 
ing reservoirs  ranging  up  to  26,000  acres  in 
surface  area,  dammed  stream  and  side  channel 
impoundments,  and  stripmine,  borrow  pit,  and 
excavated  lakes. 


looeoeoeooeooeoeooow 


Pesticides  and  plant  nutrients  are  used  exten- 
sively by  Illinois  farmers.  Herbicides  are  applied 
to  an  estimated  97  percent  of  the  com  and  96  per- 
cent of  the  soybean  acreage.  Approximately  2  of 
every  3  acres  of  land  in  rural  areas  of  the  state  are 
treated  with  pesticides. 

As  a  result  of  the  widespread  use  of  pesticides 
and  fertilizers,  Illinois  faces  the  continuing  danger 
of  increasing  contamination  of  surface  water  and 
groundwater  that  is  used  widely  by  humans. 
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Government  Regulations 
and  Policy 

The  Federal  government  has  several  laws 
designed,  at  least  in  part,  to  control  pollution  of 
water  resources.  Through  the  Federal  Water  Pol- 
lution Control  Amendments  of  1972,  commonly 
known  as  the  Clean  Water  Act  (CWA),  Congress 
established  a  national  strategy  to  reduce  water  pol- 
lution. The  objective  of  the  law  was  to  restore 
and  maintain  the  chemical,  physical,  and  biologi- 
cal integrity  of  the  nation's  water  and  to  eventual- 
ly eliminate  the  discharge  of  pollutants  altogether. 
The  Clean  Water  Act  establishes  three  categories 
of  pollution  sources:  point  sources,  non-point 
sources,  and  dredge  and  fill  operations.  The  prin- 
cipal regulatory  programs  of  the  CWA  focus  on 
surface  water  quality. 

In  September,  1987,  Governor  Thompson 
signed  legislation  for  protection  of  Illinois 
groundwater  from  contamination.  The  Illinois 
Groundwater  Protection  Act  (P.A.  85-0863) 
responds  to  the  need  to  manage  groundwater 
quality  through  a  prevention-oriented  process.  Al- 
though the  Act  is  directed  toward  protection  of 
groundwater  as  a  natural  and  public  resource,  spe- 
cial provisions  target  drinking  water  wells. 

Then,  in  1990,  President  Bush  recommended 
in  his  budget  proposal  a  new  initiative  for  enhanc- 
ing water  quality  that  focuses  on  protecting 
ground  and  surface  water  from  potential  con- 
tamination by  agricultural  chemicals  and  wastes, 
especially  pesticides  and  nutrients.  The  plan  in- 
tegrated the  combined  expertise  of  USDA  agen- 
cies to  promote  the  use  of  environmentally  and 
economically  sound  farm  production  practices 
and  to  develop  improved  chemical  and  biological 
pest  controls. 

In  his  statement  of  principles  and  policies,  the 
President  made  it  clear  that  farmers  are  ultimately 
responsible  for  avoiding  contamination  of  water 
resulting  from  management  practices  they  apply 
to  the  land.  One  of  his  principles  states  that  water 
quality  programs  must  accommodate  the  immedi- 
ate need  to  halt  contamination. 


The  Water  Quality  Program  Plan 

The  President's  initiative  in  his  1990  budget 
proposal  presented  to  Congress  on  February  9, 
1 989,  defines  a  vigorous  effort  to  protect  ground 
and  surface  water  from  contamination  by  non- 
point  sources.  The  USDA  has  implemented  a 
Water  Quality  Program  Plan  in  support  of  the 
President's  initiative,  containing  three  com- 
ponents: Education  and  Technical  Assistance, 
Research  and  Development,  and  Data  Base 
Development  and  Evaluation. 
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Integrated  Pest 
Management 


Although  the  use  of  pesticides  has  become  a 
standard  practice  for  reducing  pest  populations, 
problems  sometimes  arise  when  they  are  used  as 
the  sole  method  of  controlling  pests.  The  primary 
concern  is  the  detection  of  trace  levels  of  pes- 
ticides in  some  groundwater  and  surface  water 
resources.  While  the  potential  for  pesticides  to  be- 
come pollutants  does  not  mean  that  they  should 
not  be  used,  it  does  require  that  their  use  be  care- 
fully controlled  to  eliminate  unnecessary  pesticide 
applications. 

The  use  of  Integrated  Pest  Management  (IPM) 
tactics  can  reduce  the  amount  of  pesticides  that 
are  applied  to  cropland,  helping  to  protect  water 
quality  and  maximize  profit.  IPM  emphasizes 
natural  pest  controls  and  taking  advantage  of  the 
weak  links  in  life  cycles  of  pests.  Pesticides  can 
be  used  in  IPM,  but  only  after  systematic  monitor- 
ing of  pests  and  consideration  of  other  factors  has 
indicated  a  need. 

The  following  tactics  are  examples  of  com- 
ponents of  a  successful  IPM  program: 

1 .  use  of  resistant  crop  varieties, 

2.  crop  rotation, 

3.  proper  fertilization, 

4.  biological  control, 

5.  variation  of  planting  or  harvest  dates, 

6.  changing  tillage  practices, 

7.  field  scouting  for  pests. 
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Purpose  of  this  Manual 

The  purpose  of  this  manual  is  to  provide 
farmers,  producers,  extension  educators,  pesticide 
and  fertiHzer  dealers,  and  applicators  with  an  un- 
derstanding of  the  nature  of  pesticides  and  fer- 
tilizers and  the  way  they  enter  groundwater  and 
surface  water.  The  manual  also  explains  how  dif- 


ferent soil  types  may  provide  varying  leaching 
and  runoff  losses  of  pesticides  and  nutrients. 
With  this  knowledge,  farmers,  extension 
educators,  pesticide  and  fertilizer  dealers,  and  ap- 
plicators will  be  able  to  make  more  informed 
management  decisions  that  will  reduce  the  levels 
of  surface  water  and  groundwater  pollution  that 
result  from  their  agricultural  activities. 
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Chemical  and  Physical 
Properties  of  Soils 


Water  quality  can  be  degraded  when  pesticides 
or  nutrients  leach  through  the  soil  into  the 
groundwater  or  enter  surface  waters  through 
runoff  or  groundwater  discharge.  Movement 
within  and  over  the  soil  is  affected  by  the  chemi- 
cal and  physical  properties  of  the  soil.  Pesticides 
and  nutrients  can  be  taken  up  by  plants,  leach 
through  the  soil,  run  off  the  soil  surface,  remain  in 
the  soil,  or  be  chemically  altered  in  the  soil. 

Biological  processes  that  alter  soil-applied  pes- 
ticides and  fertilizers  are  also  affected  by  the 
chemical  and  physical  environment  in  the  soil. 
Pesticides  degrade  most  quickly  in  warm,  moist 
soil  because  warmth  and  moisture  favor  microbial 
activity.  Nitrogen  transformations  and  movement 
are  strongly  affected  by  soil-water  conditions  that 
are  controlled  by  soil  properties  and  climate.  The 
soil-water  and  temp)erature  conditions  determine 
whether  nitrogen  may  leach  through  the  soil, 
return  to  the  atmosphere,  or  become  available  to 
plants. 

Because  of  the  effects  that  soil  characteristics 
and  conditions  have  on  pesticides  and  nutrients  ap- 
plied to  fields,  understanding  the  chemical  and 
physical  properties  of  soils  is  critical  to  develop- 
ing sound  pesticide  and  nutrient  management 
strategies. 

Soil  Chemical 

Property  Effects 

Pesticide  Reactions 

The  amount  of  organic  matter  in  the  soil  is  the 
chemical  property  that  most  affects  pesticide 


movement  in  soils.  Many  of  the  commonly  used 
pesticides  attach  to  the  organic  coatings  that  form 
around  soil  particles.  This  attachment  or  binding 
(called  sorption)  is  the  main  reason  that  many  pes- 
ticides do  not  readily  move  with  water  in  the  soil. 
Fine-textured,  dark  prairie  soils  have  high  organic 
matter  content,  good  water-holding  capacity,  and 
moderate  permeability.  All  of  these  attributes 
reduce  the  potential  of  pesticide  leaching  due  to 
reduced  water  flow  or  increased  binding  of  pes- 
ticides to  the  soil.  The  light-colored  forest  soils 
that  dominate  in  western  and  southern  Illinois  are 
lower  in  organic  matter  and  therefore  may  be  less 
effective  in  binding  pesticides.  Sandy  soils  that 
lie  along  river  margins  are  generally  very  low  in 
organic  matter.  Low  organic  matter  combined 
with  low  water-holding  capacity  and  rapid  per- 
meability make  sandy  soils  the  most  vulnerable  to 
agrichemical  leaching. 

Soil  pH  does  not  greatly  affect  the  pesticide 
binding  ability  of  soils.  However,  it  can  affect  the 
mobility  of  some  herbicides  by  determining  the 
chemical  form  into  which  they  change  in  the  soil. 
Also,  managing  pH  by  liming  acid  soils  may 
slightly  reduce  movement  of  agricultural  chemi- 
cals by  promoting  plant  growth  that  reduces 
erosion. 

Nitrogen  reactions 

Fertilizer  nitrogen  is  mobile  in  soils  when  it  is 
in  the  nitrate  form  (NO3).  Nitrate  N  does  not  bind 
to  soil  particles  or  organic  matter,  so  it  moves 
readily  with  soil  water  and  is  subject  to  leaching. 
Different  nitrogen  forms  convert  to  nitrate  depend- 
ing on  oxidizing  conditions  within  the  soil.  In 
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moist,  warm  soils,  nitrogen  tends  to  be  converted 
to  NO3.  Although  oxidation  status  is  a  chemical 
property  of  the  soil  that  often  changes  during  the 
year,  it  is  primarily  affected  by  climate  and  soil 
physical  properties  that  govern  water  movement 
within  the  soil. 

Water  and  air  fill  the  pore  space  between  soil 
particles.  After  heavy  rainfall,  soil  pores  may  be 
filled  completely  with  water.  When  all  soil  pores 
are  filled  with  water  (saturated),  the  oxygen  is 
depleted  by  soil  microorganisms  and  the  path  for 
resupply  of  atmospheric  oxygen  is  cut  off  Soil 
microorganisms  that  are  deprived  of  oxygen  can 
change  nitrogen  forms  to  gaseous  nitrogen.  This 
process,  known  as  denitrification,  reduces  the 
amount  of  nitrate  in  the  soil,  thereby  lessening  the 
potential  for  leaching  of  nitrate  to  the 
groundwater. 

Saturated  conditions  that  lead  to  chemical 
changes  in  the  soil  are  most  common  in  fine-tex- 
tured soils  with  naturally  high  water  tables. 
Denitrification  within  fields  during  the  crop 
season  will  reduce  yields  and  is  therefore  un- 
desirable. On  the  other  hand,  poorly  drained, 
swampy,  vegetated  zones  near  waterways  or 
streams  provide  a  valuable  "denitrification  zone" 
that  can  reduce  nitrogen  in  groundwater  moving 
laterally  fi-om  agricultural  land. 

Soil  Physical  Property 
Effects 

The  physical  properties  of  soil  play  a  part  in 
determining  how  easily  precipitation  runs  off  the 
surface  or  enters  the  soil  and  is  added  to  its  over- 
all water  storage  capacity.  When  the  capacity  of 
the  soil  to  hold  water  is  exceeded,  the  excess 
water  either  runs  off  or  recharges  the  shallow 
groundwater.  Percolating  water  may  transport 
pesticides  and  nutrients.  Water  in  the  soil  is 
replenished  as  precipitation  or  irrigation  infiltrates 
into  the  soil.  A  portion  of  the  water  leaches 
through  the  soil  by  gravity  to  recharge  the 
groundwater;  the  remainder  of  the  soil  water  is 
held  in  the  pore  spaces  of  the  soil.  Withdrawals 
or  losses  occur  through  transpiration  (use  of  the 
water  by  plants),  evaporation,  and  leaching. 


Runoff  occurs  when  precipitation  moves  off 
fields  to  waterways  or  low  spots. 

Deep  percolation  or  leaching  is  the  movement 
of  water  below  the  root  zone.  It  can  move 
agrichemicals  out  of  the  root  zone  and  into  the 
groundwater.  The  rate  at  which  substances  in 
water  move  is  modified  by  how  tightiy  organic 
matter  or  clay  attract  and  hold  the  substances. 
Completely  soluble  compounds,  such  as  nitrate  N, 
move  readily  with  the  water.  Pesticide  movement 
is  substantially  slower  because  many  pesticides 
bind  to  soil  organic  matter. 

Dry  soils  behave  like  sponges  when  rain 
begins.  Water  is  pulled  into  the  smallest  holes 
first  because  they  have  the  greatest  attraction  for 
water.  As  the  soil  becomes  wetter,  larger  and 
larger  holes  accommodate  the  incoming  rain. 
Finally,  as  the  soil  nears  saturation,  the  largest 
holes  transport  the  water  most  efficiently.  When 
the  largest  holes  (macropores)  conduct  water, 
there  is  a  threat  to  groundwater  quality  if  the 
water  moving  through  them  contains  pesticides  or 
nitrogen.  If  pesticides  or  fertilizers  have  pre- 
viously moved  into  the  soil,  then  water  conducted 
quickly  through  large  holes  may  "bypass"  the  soil 
that  contains  the  potential  contaminants. 

Reducing  tillage  and  retaining  crop  residues  on 
the  soil  surface  lessen  the  runoff  and  overland 
flow  that  carry  pesticides  and  nutrients  out  of  the 
field.  Reducing  runoff  and  erosion  is  ac- 
complished by  increasing  the  infiltration  of  water 
into  the  soil.  Increased  infiltration,  particularly 
through  earthworm-formed  macropores,  offers  a 
transport  system  to  the  subsoil  that  pesticides  can 
follow.  However,  the  macropores  are  not  the 
primary  routes  of  water  flow  unless  heavy  rainfall 
or  flooding  occurs,  and  they  may  allow  rapid 
movement  of  "clean"  rainwater  past  the  soil 
layers  that  contain  pesticides.  Conservation  til- 
lage methods  are  most  important  in  controlling 
soil  erosion  on  sloping  land.  Adopting  more 
severe  tillage  in  the  hopes  of  disrupting  soil  mac- 
ropores and  protecting  groundwater  quality  is  not 
warranted  based  on  our  current  knowledge. 


Pages 


Chemical  and  Physical  Properties  of  Soils 


NITROGEN  CYCLE 


ATMOSPHERIC  NITROGEN  GAS  (N2 


Changed  by 
bacteria  to 
atmospheric-N 
(denitrification) 


Removed  by 
leaching 


Figure  1.  Nitrogen  Cycle 


The  Combined  Effects  of  Soil  Properties 

Some  of  the  vulnerable  situations  for 
groundwater  contamination  have  a  number  of 
physical  and  chemical  properties  that,  in  combina- 
tion, increase  leaching  potential.  For  example,  the 
sandy  soils  that  lie  along  some  of  the  major  river 
valleys  of  Illinois  are  highly  permeable,  have  low 
organic  matter  contents  and  are  often  irrigated. 
All  of  these  factors  increase  the  risk  to 
groundwater  quality.  The  risk  of  nitrate  and  pes- 
ticide leaching  in  these  soils  is  many  times  greater 
than  in  the  fmer-textured  soils  that  occur 
throughout  Illinois.  Extra  precautions  in  chemical 
selection  and  application  method  must  be  taken 
with  these  vulnerable  soils.  Irrigators  in  particular 
should  pay  attention  to  groundwater  advisory 
warnings  that  restrict  the  use  of  some  pesticides 
on  sandy  soils. 

Soluble  compounds  such  as  nitrate  N  move 
readily  with  water.  Therefore,  their  movement  is 
a  function  of  the  amount  of  precipitation  and  the 


rate  of  water  movement  through  the  soil.  All  soils 
can  be  classified  into  one  of  four  categories  of  soil 
hydrologic  groups:  A,  B,  C,  or  D.  Soils  in 
hydrologic  group  A  transmit  water  rapidly  and 
soils  in  hydrologic  group  D  transmit  water  slowly. 

The  leaching  index  rating  for  soluble  com- 
pounds is  the  amount  of  precipitation  that  will 
flow  or  leach  through  the  soil  profile  under  the 
force  of  gravity.  Any  given  location,  therefore, 
will  have  a  constant  value  for  average  annual 
precipitation  but  will  have  a  different  leaching 
value  for  soils  in  each  of  the  hydrologic  soil 
groups.  As  an  example,  Macon  County  receives 
about  38  inches  of  precipitation  annually.  Soils  in 
hydrologic  group  A  have  a  potential  for  13  inches 
of  leaching  but  soils  in  hydrologic  group  D  have 
only  3  inches  of  leaching. 

The  leaching  amounts  are  converted  to  three 
categories  and  identified  as  having  high, 
moderate,  or  low  potential  to  leach.  Soils  have 
also  been  rated  according  to  their  pesticide  leach- 
ing loss  potential  and  pesticide  runoff  loss  pxDten- 
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tial.  A  method  used  by  the  Soil  Conservation  Ser- 
vice (SCS)  involves  the  use  of  the  GLEAMS 
Model.  Computational  procedures  (algorithms) 
were  developed,  using  soil  properties,  to 
categorize  soils  for  leaching  or  runoff  loss  poten- 
tials. The  soil  variables  in  the  equation  are: 

1 .    Surface  horizon  thickness 


2.  Organic  matter  content  of  the  surface 
horizon 

3.  Surface  texture 

4.  Subsurface  texture 

5.  Hydrologic  soil  group 

The  loss  potentials  are  rates  categorized  as 
high,  intermediate,  or  nominal. 
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Chapter  3 

Potential  Sources  of 
Water  Pollution 


Fertilizers  and  pesticides  applied  to  improve 
crop  production  may  move  across  the  surface  of 
the  soil  in  runoff  or  through  the  soil  by  leaching 
and  enter  surface  water  or  subsurface  aquifers. 
When  they  do,  they  are  considered  pollutants 
from  nonpoint  sources.  If  they  enter  the  environ- 
ment by  accident,  carelessness,  or  improper  han- 
dling, then  they  may  move  into  surface  water  or 
subsurface  aquifers  as  pollution  from  point  sour- 
ces. 
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Point  and  nonpoint  sources  of  pollution 

Some  of  the  pollution  of  our  water  comes  from 
single,  easily  spotted  sources  such  as  sewers  or 
manufacturing  plants  (called  point  sources  be- 
cause the  point  of  entry  is  clearly  visible).  Other 
pollution  comes  from  diffuse  sources  (called  non- 
point  sources  because  there  is  no  clear,  single 
point  of  entry). 


Of  the  16  elements  that  are  essential  for  plant 
growth,  only  three  are  routinely  applied  as  fer- 
tilizer: nitrogen  (represented  by  N),  phosphorus 
(represented  by  P),  and  potassium  (represented  by 
K).  However,  only  N  and  P  have  the  potential  to 
degrade  die  quality  of  either  surface  or 
groundwater  to  any  significant  extent.  Manure, 
sewage  sludge,  and  other  materials  that  may  be  ap- 
plied to  fields  also  contain  N  and  P,  which  can 
move  from  soil  into  water  in  much  the  same  man- 
ner as  die  N  and  P  in  manufactured  fertilizers. 
Concentrated  livestock  enterprises  (feedlots, 
dairies,  swine  confinement  operations),  some  in- 
dustrial plants,  domestic  septic  systems,  and 
municipal  sewage  systems  that  have  a  clearly 


visible  "point"  of  entry  of  the  pollutants  into 
water  are  point  sources  of  N  and  P  pollution. 

In  addition  to  nitrogen,  phosphorus,  and  potas- 
sium, calcium  (represented  by  Ca)  and  mag- 
nesium (represented  by  Mg),  are  contained  in  the 
limestone  that  is  applied  to  neutralize  acid  soils. 
In  specific  situations  where  there  are  deficiencies 
of  other  nutrients,  additional  elements  may  be  ap- 
plied in  limited  amounts. 


Nitrogen 


The  element  nitrogen  (N)  is  found  everywhere 
in  nature.  It  is  a  part  of  every  living  organism  and 
is  the  main  constituent  of  the  air  we  breathe. 
Pure,  distilled  water  is  sterile  and  contains  no 
nutrients  to  support  life  in  any  form.  The  water  in 
our  lakes  and  streams  supports  aquatic  life  be- 
cause it  is  not  pure — it  contains  nutrients,  includ- 
ing N.  Much  of  this  N  is  cycled  by  nature  through 
the  decay  of  vegetation,  animals,  and  micro-organ- 
isms, and  by  natural  events.  However,  fertilizers, 
growth  of  leguminous  plants,  and  livestock  waste 
add  to  the  natural  N  that  is  present  in  all  waters 
and  may  raise  the  level  of  N  above  the  safe  maxi- 
mum. 

In  some  of  its  forms,  nitrogen  will  dissolve  in 
water  and  leach  until  the  N  is  denitrified,  taken  up 
into  plants,  or  rendered  immobile  through  chemi- 
cal reactions  (Figure  2). 

N  is  the  fertilizer  element  that  is  currentiy  caus- 
ing the  most  concern  as  a  water  pollutant  because 
drinking  water  that  contains  high  concentrations 
of  N  poses  a  health  risk  for  both  humans  and 
animals.  The  U.S.  Public  Healdi  Service  has 
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Figure  2.  Nitrogen  Reactions  in  the  Soil 


established  a  maximum  of  10  milligrams  of 
nitrate  N  per  liter  of  water  (10  mg/L)  as  the  con- 
centration of  nitrate  N  that  is  acceptable  in  drink- 
ing water. 

The  10  mg/L  standard 

The  10  mg/L  stan(dard,  which  has  been  in  place 
for  nearly  30  years,  is  considered  too  low  by 
some  state  and  local  authorities  and  is  not  used 
by  some  of  them.  Its  primary  purpose,  however, 
is  to  protect  infants,  who  are  susceptible  to 
methemoglobinemia  when  they  have  consumed 
water  containing  more  than  1 0  mg/L  of  nitrates. 


While  very  high  levels  of  nitrates  pose  health 
risks  to  all  adults,  humans  can  consume  water  con- 
taining several  times  the  10  mg/L  drinking  water 
standard  with  no  adverse  health  effects.  How- 
ever, infants  less  than  six  months  of  age,  pregnant 
women,  nursing  mothers,  and  women  planning  to 
become  pregnant,  should  not  consume  water  con- 
taining concentrations  of  nitrates  higher  than  the 
10  mg/L  standard.  Infants  drinking  water  contain- 
ing high  amounts  of  nitrates  may  develop 
methemoglobinemia  (often  called  "blue  baby 


syndrome"  or  "cyanosis").  Digestive  acids  keep 
the  nitrates  adults  drink  from  turning  into  nitrite,  a 
form  of  N  that  decreases  the  blood's  capability  to 
transport  oxygen.  The  digestive  system  of  infants 
less  than  six  months  old  does  not  contain  as  much 
acid,  so  much  of  the  nitrate  they  drink  turns  into 
nitrite;  their  blood's  ability  to  transport  oxygen 
decreases;  and  they  turn  blue  from  the  lack  of 
oxygen  flowing  to  their  body  tissue. 

Most  livestock  also  can  consume  water  con- 
taining several  times  the  10  mg/L  (drinking  water 
standard  with  no  adverse  health  effects.  How- 
ever, ruminant  livestock  are  more  sensitive  to 
nitrate  N  in  their  drinking  water  than  non- 
ruminants. 

Another  problem  resulting  from  excess  N  and 
P  in  water  is  that  they  contribute  to  overstimula- 
tion of  the  growth  of  algae,  aquatic  plants,  and 
other  organisms  in  bodies  of  water,  leading  to  a 
deficiency  of  oxygen  that  may  kill  fish  and  other 
aquatic  life.  This  process  is  called  eutrophication. 

N  Contamination  in  Community 
and  Rural  Domestic  Wells 

A  1990  national  survey  of  community  and 
rural  domestic  wells  conducted  by  the  U.S.  En- 
vironmental Protection  Agency  estimated  that 
1.2%  of  the  community  wells  and  2.4%  of  the 
rural  domestic  wells  contain  nitrates  above 
lOmg/L.    Rural  wells  may  become  contaminated 
more  easily  because  they  (1)  are  shallower  than 
the  larger-capacity  community  wells,  (2)  may  not 
be  as  well  sealed  against  surface  contamination, 
(3)  may  be  located  near  production  fields,  live- 
stock facilities,  or  private,  on-site  sewage  disposal 
systems,  which  produce  nitrate  N,  and  (4)  are 
more  susceptible  because  potentially  contaminat- 
ing activities  often  occur  near  wellheads. 


Phosphorus 


Phosphorus  (P)  is  an  element  that  is  essential 
for  growth  and  development  of  all  organisms.  It 
can  be  found  in  varying  amounts  in  all  Illinois 
soils  as  well  as  in  very  low  concentrations  in  sur- 
face and  groundwater.  In  addition  to  chemical  fer- 
tilizers being  a  source  of  contamination,  P  enters 
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waters  as  waste  from  grazing  animals  and  the 
manure  spread  on  production  fields. 

There  are  no  established  direct  human  health 
hazards  associated  with  P  in  streams,  lakes  or  sub- 
surface aquifers.  The  primary  adverse  effect  of 
excessive  P  in  water  is  that  it  contributes  to 
eutrophication. 

Pesticide  Contamination 
in  Water 

The  occurrence  of  pesticides  in  surface  water 
and  groundwater  is  linked  to  the  amount  of  time 
between  pesticide  application  and  rainfall.  Recent 
studies  have  shown  that  pesticide  residues  tend  to 
appear  more  frequently  and  in  greater  concentra- 
tions in  surface  water  shortly  after  application  in 
the  spring  when  rainfall  is  generally  much  higher. 
Throughout  the  latter  part  of  the  growing  season 
and  the  winter,  pesticide  residues  are  found  less 
frequently,  unless  there  was  a  dry  spring  and  sum- 
mer. These  observations  suggest  that  manage- 
ment of  pesticides  should  focus  on  good  practices 
during  application. 

Pesticides  in  Surface  Waters 

In  surface  water,  pesticides  accumulate  in  a 
microlayer  at  the  surface.  This  microlayer  is  rich 
in  organic  matter  that  possesses  a  high  sorption 
capacity  (the  capability  of  taking  up  and  holding 
the  pesticides).  Although  some  herbicides  can  be 
found  in  streams  and  rivers  at  very  low  concentra- 


tions throughout  the  year,  pesticides  usually  dis- 
sipate quickly  after  an  initial  large  influx  from  sur- 
face runoff.  Pesticides  are  much  more  susceptible 
to  catalytic  degradation  by  light  (photodegrada- 
tion)  in  water  than  in  soil. 

Pesticides  reaching  water  by  transport  on 
eroded  soil  will  quickly  sink  to  the  bottom;  dis- 
solved pesticides  are  likely  to  associate  with 
suspended  particles  that  may  also  settie  to  the  bot- 
tom if  the  particles  are  dense  enough.  Water  pH 
plays  a  significant  role  in  insecticide  degradation 
rate.  At  a  pH  greater  than  8.0,  the  carbamate  and 
organophosphate  insecticides  are  rapidly 
degraded  to  nontoxic  products. 

Large  microbial  populations  can  also  con- 
tribute to  the  rapid  dissipation  of  pesticides  from 
surface  water.  Microorganisms  can  be  abundant 
in  surface  water  and  enriched  by  the  inflow  of 
nutrients. 

Pesticides  In  Ground  Waters 

In  contrast  to  surface  water,  groundwater  has  a 
lower  temperature,  oxygen  content,  and  nutrient 
supply,  and  supports  a  much  lower  microbial 
population.  When  pesticides  reach  groundwater, 
they  degrade  very  slowly  and  can  persist  at  low 
concentrations  for  many  years.  Transformation 
products  of  several  pesticides  have  been  found  in 
groundwater.  Their  presence  indicates  that  some 
degradation  occurs  in  water,  but  degradation 
products  themselves  are  also  very  persistent  and 
in  some  cases  as  toxic  as  the  original  pesticide. 


Ways  to  Protect  Water  Quality 

1.  Control  soil  erosion. 

2.  Use  contour  farming  or  no-till  farming  on  erodible  lands  to  help  keep  runoff  out  of  nearby 
water  supplies. 

3.  Prevent  stream  bank  erosion. 

4.  Use  vegetation  (filter  strips,  grass  waterways,  cover  crops)  and  conservation  tillage  to  protect 
water  resources. 

5.  Maintain  grass  waterways  and  grass  or  forage  strips  in  fields  as  buffers  to  help  retard  runoff 
of  soil  and  agricultural  chemicals  into  water  supplies. 
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Chemical  Properties  of  Fertilizers 


Since  N  and  P  are  the  two  fertilizer  materials 
that  cause  concern  as  potential  pollutants  in  sur- 
face and  groundwater,  only  fertilizers  that  contain 
these  two  elements  will  be  considered  here.  In 
many  instances,  N  and  P  are  combined,  either 
physically  or  chemically,  in  the  same  fertilizer. 

Nitrogen  Fertilizers 

Anhydrous  Ammonia 

Anhydrous  ammonia  (NH3)  is  the  original 
source  of  practically  all  of  the  inorganic  N  fer- 
tilizers used  in  Illinois.  It  is  manufacmred  by 
combining  N  from  the  air  with  hydrogen  (H) 
under  pressure.  In  addition,  it  is  further  processed 
to  produce  fertilizers  such  as  urea,  ammonium 
nitrate,  and  UAN  solutions. 
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UAN  Solutions 

A  UAN  solution  is  a  liquid  combination  of  urea, 
ammonium  nitrate,  and  water,  usually  containing 
either  28%  or  32%  N. 


Anhydrous  ammonia  is  a  gas  that  is  attracted 
to  water.  Because  it  will  turn  into  a  gas  at 
temperatures  above  -27   F,  it  is  stored  and 
transported  either  in  steel  tanks  that  can  withstand 
pressure  up  to  250  pounds  per  square  inch  or  in 
refrigerated  tanks.  It  is  applied  beneath  the  soil 
surface  and  immediately  reacts  with  the  soil  water 
to  form  ammonium  (NH4). 


Other  N-containing  Fertilizers 

N  is  also  contained  in  other  fertilizers,  such  as 
ammonium  nitrate,  ammonium  sulfate,  and  both 
mono-ammonium  phosphate  and  di-ammonium 
phosphate.  The  N  in  these  fertilizers  reacts  in  the 
soil  in  the  same  way  as  the  N  in  anhydrous  am- 
monia. 


Urea 

Ammonia  (NH3)  and  carbon  dioxide  (CO2) 
are  combined  to  form  urea  [CO(NH2)2].  When 
urea  is  applied  to  the  soil,  it  comes  into  contact 
with  the  enzyme,  urease,  which  is  in  crop  residues 
in  most  agricultural  soils,  and  will  begin  to  break 
down  (hydrolyze)  to  become  ammonia  and  carbon 
dioxide.  If  this  hydrolysis  takes  place  on  the  sur- 
face of  the  soil  or  above  the  soil  on  crop  residue, 
the  ammonia  that  results  will  dissipate  into  the  at- 
mosphere as  a  gas  so  that  it  does  not  become  a 
water  pollutant  and  is  not  available  for  growing 
crops.  If  the  urea  is  incorporated  into  the  soil 
before  this  hydrolysis  takes  place,  the  ammonia 
will  react  with  the  soil  water  and  form  am- 
monium, which  is  held  on  the  surface  of  soil  par- 
ticles so  that  it  does  not  move  into  water  unless 
the  soil  particles  move. 

Transformation  of  Ammonium 

In  warm,  moist  soil,  microorganisms  transform 
ammonium  into  nitrite  (NO2),  then  quickly  into 
nitrate  (NO3).  Figure  2  illustrates  this  process. 
Nitrite  and  nitrate  are  anions  (meaning  they  have 
a  negative  charge),  so  they  are  not  held  on  the 
soil's  surfaces  and  can  move  with  water  in  the 
soil.  It  is  fortunate  that  nitrite  transforms  to 
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nitrate  quickly  and  does  not  accumulate  in  the  soil 
since  nitrite  is  quite  toxic  to  living  organisms. 

Most  crops  that  are  fertilized  with  N,  such  as 
corn,  wheat,  and  other  grains,  can  use  N  in  both 
the  ammonium  and  nitrate  forms.  In  fact,  it  is 
probably  true  that  both  forms  are  necessary  for 
the  crops  to  develop  and  yield  properly. 

The  Transformation  of 
Organic  Sources  of  N 

Organic  sources  of  N,  such  as  animal  manure, 
sewage  sludge,  and  legume  residues  are  decom- 
posed by  microorganisms  to  form  ammonia, 
which  is  then  transformed  into  ammonium  and 
nitrate.  The  resulting  anmionium  and  nitrate  react 
in  the  soil  as  they  do  when  they  come  from 
manufactured  fertilizers. 

Factors  that  Affect  N  Movement 
Transformation  into  Nitrate 

The  N  in  most  fertilizers  does  not  move  when 
it  is  first  applied.  Ammonia  or  ammonium  com- 
pounds are  called  cations.  These  cations  are  held 
on  the  soil's  colloidal  complex  (the  surface  of  the 
soil  particles).  However,  over  a  period  of  time, 
microorganisms  transform  the  ammonium  into 
nitrate  or  nitrite.  Once  converted  to  nitrate,  it  is 
susceptible  to  loss  through  leaching  or  to 
denitrification  under  conditions  of  excess  water. 

Denitrification 

Soils  that  are  poorly  drained  and  remain 
saturated  with  water  for  extended  periods  in 
warm  weather  may  lose  nitrate  N  through  a 
biochemical  process  called  "denitrification."  In 
denitrification,  microbes  break  down  the  nitrate 
and  release  elemental  N  (nitrogen  gas)  to  the  at- 
mosphere. While  this  loss  can  be  costly  in 
reduced  crop  yields  and  wasted  fertilizer,  it  does 
not  contribute  to  the  degradation  of  water. 


Soil  Type 

Soils  vary  widely  in  N  content  and  the  extent 
to  which  they  allow  water  to  flow  across  the  sur- 
face or  through  the  soil  (downward  or  sideways). 
For  example,  sandy  soils  allow  water  to  move 


downward  through  the  soil  profile  easily,  carrying 
dissolved  materials,  including  nitrate  N.  The 
water  may  reach  aquifers,  but  little  will  run  into 
streams.  On  the  otiier  hand,  fine-textured  soil  or 
poorly  drained  soil  or  soil  that  slopes  strongly  will 
allow  little  rainfall  to  infiltrate  and  most  will  run 
from  the  surface  into  streams,  often  carrying  with 
it  eroded  soil  and  many  dissolved  and  suspended 
materials. 

Most  of  the  agricultural  soils  in  Illinois  are  in  a 
continuum  between  these  extremes.  Broad  groups 
of  soils  have  been  evaluated  to  determine  their 
natural  characteristics  and  the  management  prac- 
tices necessary  to  minimize  leaching  and  erosion 
(See  Figures  3,  4  and  5).  For  further  information, 
read  Bulletin  784,  "Nitrogen-Loss  Potential 
Ratings  for  Illinois  Soils",  Illinois  Agricultural  Ex- 
periment Station  in  cooperation  with  the  USDA 
Soil  Conservation  Service,  1987. 

Many  carefully  managed  soils  on  nearly  level 
to  gentiy  rolling  topography  will  allow  infiltration 
of  rainfall,  store  much  of  the  water  for  use  by 


Figure  3  -  Counties  with  High  Nitrogen  Loss  Potential 
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Figure  4  •  Counties  with  Medium  Nitrogen  Loss  Potential 


plants,  and  allow  the  water  to  move  downward  in 
the  profile  quite  slowly  so  that  nutrients  usually 
remain  within  the  root  zone  of  the  crop  plants. 

Phosphorus  Fertilizers 

All  P  comes  from  rock  phosphate  which  is 
mined  at  several  locations  in  the  United  States  and 
around  the  world.  Rock  phosphate  must  come 
into  contact  with  an  acid  before  the  P  in  it  be- 
comes available  to  plants.  Finely  ground  rock 
was  used  extensively  in  earlier  years  as  a  directly- 
applied  fertilizer.  The  surface  layers  of  most  soils 
are  acidic  so  the  acidity  would  slowly  activate  the 
P  in  the  rock.  Today,  P  fertilizers  are  manufac- 
tured by  treating  rock  phosphate  with  either  sul- 
furic or  phosphoric  acid  to  form  superphosphate 
fertilizers,  or  by  reacting  phosphoric  acid  with  am- 
monia to  form  ammoniated  phosphate  fertilizers. 
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Figure  5  •  Counties  with  Low  Nitrogen  Loss  Potential 


Transformation  of  Phosphorus 
into  a  Plant  Nutrient 

Orthophosphate  (H2PO4  and  HPO4)  is  the 
form  that  plants  can  use.  The  pH  of  the  soil  plays 
a  dramatic  role  in  determining  what  kinds  of  P 
compounds  are  formed. 

The  phosphorus-containing  fertilizers  that  are 
commonly  used  also  provide  P  that  is  already  in 
the  orthophosphate  form,  usually  in  combination 
with  either  calcium,  ammonium,  or  (rarely)  potas- 
sium. More  concentrated  P  fertilizers  (which  con- 
tain some  polyphosphates  as  well  as  orthophos- 
phates)  are  commercially  available.  After  applica- 
tion, the  polyphosphate  transforms  to  orthophos- 
phate in  the  soil  and  reacts  in  the  same  manner  as 
materials  that  are  totally  orthophosphate. 

Factors  that  Affect  P  Movement 

P  does  not  easily  dissolve  in  water.  The  phos- 
phorus fertilizers  are  water  soluble,  but  only  until 
they  are  applied  and  incorporated  into  the  soil. 
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After  application,  P  reacts  to  form  calcium,  iron, 
or  aluminum  phosphates,  which  are  quite  stable. 
After  these  reactions  take  place,  the  P  is  no  longer 
highly  water  soluble  and  will  not  easily  dissolve 
in  water  and  move  through  the  soil.  As  a  result,  it 
does  not  move  easily  unless  the  soil  moves.  The 
primary  way  in  which  P  moves,  therefore,  is 
through  erosion  of  the  soil  to  which  the  P  adheres. 
Since  both  the  application  of  P  (either  as  manufac- 
tured fertilizer  or  animal  manure)  and  erosion  in- 


volve the  surface  layer  of  soil,  the  sediment  that 
erodes  from  farm  fields  into  streams  and  lakes  is 
often  rich  in  P. 

If  manure  is  applied  at  heavy  rates,  especially 
on  frozen  ground  where  there  is  no  opportunit>' 
for  the  P  it  contains  to  react  with  the  soil,  water 
runoff  from  either  rainfall  or  snowmelt  may  move 
significant  amounts  of  P  out  of  the  fields  and  into 
nearbv  streams. 
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Pesticide  Properties 


The  chemical  and  physical  properties  of  pes- 
ticides can  help  to  predict  how  they  will  behave 
after  they  have  been  applied  to  fields.  These 
properties  are  inherent  in  the  molecular  structure 
of  the  pesticide,  but  can  vary  depending  on  the  en- 
vironmental conditions  under  which  they  are 
measured.  Understanding  pesticide  chemistry  can 
help  diose  applying  pesticides  to  make  pest 
management  decisions  to  protect  crop  yield  while 
preventing  problems  of  groundwater  contamina- 
tion and  the  accumulation  of  toxic  residues  in  the 
food  chain.  The  explanation  that  follows  provides 
an  understanding  of  what  happens  to  pesticides 
after  they  have  been  applied  to  the  land. 

Pesticide  movement  from  the  soil  surface  into 
groundwater,  surface  water,  plants,  and  the  air  is 
influenced  by  the  following  pesticide  chemistry 
factors: 

1.  water  solubility, 

2.  partition  coefficient, 

3.  soil  sorption  coefficient, 

4.  vapor  pressure, 

5.  biodegradability, 

6.  pesticide  formulation, 

7.  half-life  (longevity). 

Water  Solubility 

Water  solubility  is  probably  the  single  most  im- 
portant property  affecting  pesticide  movement 
into  water.  It  is  a  measure  of  the  tendency  of  the 
pesticide  molecules  to  dissolve  in  water.  The 
more  soluble  a  pesticide,  the  more  likely  it  will 
enter  the  water  and  travel  into  groundwater  and 
surface  water. 


Typical  water  solubilities  of  p)esticides  used  in 
Illinois  are  shown  in  the  Appendix  (expressed  as 
parts  per  million).  The  higher  the  number,  the 
more  likely  it  is  that  the  p)esticide  will  dissolve  in 
water. 

Water  solubility  increases  as  temperature  rises. 
It  also  increases  when  there  are  organic  solvents 
in  the  pesticide  formulation.  These  solvents  are 
normally  found  in  emulsifiable  concentrate 
formulations.  They  can  significandy  raise  the 
water  solubility  of  a  pesticide.  The  water 
solubility  of  some  new  postemergence  herbicides 
is  also  significantiy  affected  by  pH. 

Measuring  Water  Solubility 

Measurements  of  water  solubility  are  usually 
taken  in  distilled  water,  but  the  actual  solubility 
of  a  pesticide  under  field  conditions  may  be 
quite  different  than  its  solubility  in  distilled  water 
due  to  the  presence  of  other  dissolved  substan- 
ces. For  example,  the  presence  of  sarts  general- 
ly reduces  the  solubility  of  neutral  organic 
compounds,  while  dissolved  humic  acids  can  in- 
crease the  apparent  solubility. 


Partition  Coefficient 

The  partition  coefficient  is  a  measure  of  the 
tendency  for  the  pesticide  molecules  to  move 
from  water  into  fatty-type  materials.  This 
measure  is  important  because  when  pesticides 
move  into  an  organic  material,  they  are  more  like- 
ly to  be  stored  in  fatty  tissues  in  human  and 
animal  bodies,  creating  long-term  damage.  For 
example,  chlorinated  hydrocarbon  pesticides  like 
DDT  and  dieldrin  were  banned  because  tiiey  had 
high  partition  coefficients — they  became  concen- 
trated in  the  food  chain  by  being  stored  in  human 
and  animal  tissues.  Most  modem  pesticides  do 
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not  have  high  partition  coefficients  and  show  httle 
tendency  to  be  stored  in  fatty  tissues. 
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Calculating  the  partition  coefficient 

The  partition  coefficient  is  expressed  as  the  ratio 
of  the  concentration  of  the  pesticide  in  a  solvent 
that  will  dissolve  fatty-type  materials  (called  a 
nonpolar  solvent)  and  its  concentration  in  water. 
Low  water  solubility  and  high  partition  coeffi- 
cients are  strongly  correlated. 
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Soil  Sorption  Coefficient 

The  soil  sorption  coefficient  is  the  tendency  of 
a  pesticide  molecule  in  the  soil  water  to  adhere  to 
soil  particles.  Higher  soil  sorption  coefficients 
mean  that  the  pesticide  is  more  likely  to  adhere  to 
the  soil  and  stay  in  the  soil  rather  than  move  with 
water  into  groundwater  or  run  off  into  surface 
water.  Sorption  is  affected  by  the  type  of  soil  as 
well  as  the  type  of  pesticide.  Pesticide  sorption  is 
greater  in  soils  with  higher  organic  carbon  content 
because  organic  carbon  is  a  colloid  and  has  a  high 
exchange  complex.  Pesticides  with  low  water 
solubility  tend  to  have  higher  soil  sorption  coeffi- 
cients (K)  because  they  do  not  dissolve  easily  in 
water. 
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Calculating  the  soil  sorption  coefficient 

Soil  sorption  coefficient  is  the  ratio  of  pesticide 
concentration  on  soil  solids  to  concentration  in 
water.  It  is  a  single  number  that  reflects  the  ten- 
dency of  molecules  to  sorb  (adhere)  to  soil. 


The  soil  sorption  coefficient  for  a  pesticide 
will  differ  dep)ending  on  the  soil  type  on  which  it 
is  applied.  While  pesticides  can  bind  to  both  or- 
ganic matter  and  clay  minerals,  most  of  the  pes- 
ticide binds  to  organic  matter.  Pesticides  applied 
to  soils  with  high  organic  content  will  bind  more 
to  the  soil  than  those  applied  to  soil  with  low  or- 
ganic content.  As  a  result,  soil  scientists  calculate 
an  average  soil  sorption  coefficient,  a  Koc,  for  a 
single  pesticide  on  a  variety  of  different  soil 
types,  allowing  for  the  amount  of  organic  matter 
in  soil.  The  higher  the  Koc,  the  more  likely  the 
chemical  will  adhere.  The  movement  of  pes- 
ticides with  comparatively  higher  Koc's  will  be 


slower  in  soil  than  the  movement  of  those  with 
comparatively  lower  Koc's. 
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Calculating  the  Koc 

When  the  sorption  coefficient  for  a  single  pes- 
ticide on  a  variety  of  different  soil  types  is 
divided  by  the  amount  of  organic  carbon  in  soil, 
a  new  number  results.the  Koc,  expressed  as 
ml/g  organic  carbon.  The  Koc  is  relatively  con- 
stant among  different  soils  (see  Appendix).  The 
higher  the  Koc.  the  more  likely  that  the  chemical 
will  adhere  to  the  soil  solids.  The  movement  of 
compounds  with  comparatively  higher  Koc's  will 
be  more  retarded  in  soil  than  compounds  with 
comparatively  lower  Koc's. 


The  Appendix  contains  the  soil  sorption  coeffi- 
cients for  52  pesticides.  Pesticides  that  have  very 
high  soil  Koc's  include  fenvalerate  (Pydrin), 
tefluthrin  (Force),  permethrin  (Pounce/Ambush), 
paraquat  (Gramoxone),  and  quizalofop  ethyl  (As- 
sure). Many  pesticides  have  very  low  Koc's.  The 
four  lowest  are  acephate  (Orthene),  dimethoate 
(Cygon),  dicamba  (Banvel),  and  acifluorfen 
(Blazer),  although  many  others  are  nearly  as  low. 

Vapor  Pressure 

Vapor  pressure  is  a  measure  of  the  tendency  of 
a  pesticide  to  change  from  a  liquid  to  a  gas  and  es- 
cape into  the  air  (called  volatilization).  The 
stronger  the  tendency,  the  higher  the  vapor  pres- 
sure. It  is  similar  to  water  solubility,  except  that 
vapor  pressure  measures  how  "soluble"  the  pes- 
ticide is  in  air  instead  of  water.  It  is  useful  in 
predicting  how  much  of  the  pesticide  will  move 
into  the  air  from  the  water  or  soil. 

Vapor  pressure  is  measured  in  millimeters  of 
mercury  (Hg).  The  lower  the  vapor  pressure  num- 
ber, the  less  the  tendency  of  the  pesticide  to 
volatilize  into  the  air.  The  tendency  of  molecules 
to  volatilize  from  soil,  however,  is  influenced  by 
their  water  solubility.  Given  two  compounds  with 
similar  vapor  pressure,  the  compound  with  lower 
solubility  will  volatilize  more  quickly  than  the  one 
with  higher  solubility. 

The  vapor  pressure  of  chemicals  affects  water 
quality  because  air  currents  can  carry  them  over 
bodies  of  water  where  they  may  be  redeposited  in 
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rainfall.  Pesticides  that  have  very  high  vapor  pres- 
sures must  be  incorporated  into  soil  after  applica- 
tion to  prevent  them  from  evaporating. 

Chemicals  also  tend  to  volatilize  at  greater 
rates  when  soil  moisture  is  abundant  because  soil 
sorption  tends  to  decrease  as  soil  moisture  in- 
creases. Windy  conditions  can  also  lead  to  rapid 
volatilization  from  the  soil  surface. 
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Herbicides  High  in  Vapor  Pressure 

Some  dinitroaniline  and  thiocarbamate  her- 
bicides plus  clomazone  (Command)  have  very 
high  vapor  pressures  and  must  be  incorporated 
into  soil  after  application  to  prevent  them  from 
volatilizing. 


Biodegradability 

Modem  pesticides  are  partially  or  totally 
broken  down  by  microorganisms  in  the  soil. 
Some  pesticides  have  molecular  structures  that 
are  easily  and  quickly  broken  down  by  microor- 
ganisms; others  are  only  partially  transformed  and 
at  slower  rates. 


Pesticide  Formulation 

Although  not  an  inherent  property  of 
molecular  structure,  pesticide  formulation  can 
also  control  the  rate  of  degradation,  movement, 
and  availability  of  the  chemical  to  target  pests. 
For  example,  a  pesticide  that  is  sprayed  on  the  sur- 
face of  the  soil  as  an  emulsifiable  concentrate  for- 
mulation may  break  down  much  faster  than  when 
it  is  incorporated  as  a  clay-based  granular  formula- 
tion. 

Half-life  (Longevity) 

The  persistence  or  longevity  of  pesticide 
residues  also  affects  the  potential  for  pesticide 
movement  For  example,  a  chemical  that  de- 
grades very  quickly  is  not  likely  to  pose  much  risk 


of  running  off  a  field  after  the  first  heavy  rain  fol- 
lowing application.  A  chemical  that  degrades 
slowly  poses  a  risk  of  runoff  or  leaching  with 
each  rainfall  long  after  application. 

The  longevity  of  different  chemicals  in  soil  is 
compared  using  a  measurement  called  the  half- 
life.  The  half-life  is  the  period  of  time  it  takes  for 
50%  of  the  chemical  to  disappear  after  applica- 
tion. The  half-life  is  greatly  influenced  by  en- 
vironmental conditions,  especially  soil  type, 
moisture,  and  temperature.  It  is  also  important  to 
realize  that  as  the  concentration  of  the  pesticide 
continues  to  fall  during  the  growing  season,  the 
decline  of  the  remaining  residue  slows  significant- 
ly. As  a  result,  low  concentrations  of  pesticide 
remain  in  the  soil  at  the  start  of  the  following 
growing  season. 

Pesticide  Loss  Potentials 

The  Soil  Conservation  Service  uses  a  method 
of  estimating  pesticide  loss  potentials  that  invol- 
ves use  of  the  GLEAMS  Model  (explained  in 
Chapter  2  and  cited  on  page  47)  and  a  data  base  of 
pesticide  properties  developed  by  the  Agricultural 
Research  Service  (ARS).  Computational  proce- 
dures (algorithms)  using  pesticide  properties  were 
develop)ed  to  categorize  pesticides  for  leaching 
and  surface  water  loss  potentials.  The  pesticide 
properties  used  in  these  computations  were  half- 
life,  solubihty,  and  the  organic  carbon  partitioning 
coefficient  Koc. 

Pesticide  loss  is  assumed  to  have  occurred  if 
the  pesticide  has  leached  below  the  root  zone  or 
leaves  the  field  boundary  dissolved  in  water  or  at- 
tached to  sediment  that  is  susf>ended  in  runoff 
waters.  Thus,  the  "boundaries"  of  the  pesticide 
loss  are  the  bottom  of  the  root  zone  and  the  edge 
of  the  field.  In  the  computations,  the  field  was  10 
acres,  square  in  shape,  with  a  4  percent  slope. 
The  rooting  depth  was  set  at  36  inches.  The 
categories  for  pesticide  loss  potentials  used  in  this 
manual  are  high,  moderate,  low,  and  very  low. 
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Most  pesticides  are  either  applied  directly  to 
soil  or  are  eventually  washed  into  the  soil  from 
plant  foliage.  As  a  result,  the  behavior  of  pes- 
ticides in  soil  directly  influences  the  amount  of 
water  contamination.  Groundwater  can  become 
contaminated  by  downward  movement  or  leach- 
ing of  pesticides  out  of  the  root  zone  into  the 
deeper  layers  of  the  soil.  Surface  water  can  be- 
come contaminated  by  pesticides  that  are  carried 
over  land  surfaces  in  moving  water  and  eroded 
sediment,  or  by  tile  drainage.  This  movement  is 
largely  influenced  by  the  interactions  of  pesticides 
and  soils.  This  section  of  the  manual  presents  in- 
formation about  the  interaction  of  pesticides  with 
soil  types  and  conditions. 

Soil  and  Environmental 
Influences  on  Pesticides 

The  rate  at  which  pesticides  break  down  in  the 
soil  and  the  movement  of  the  pesticides  into  sur- 
face water  and  groundwater  are  greatly  influenced 
by  the  characteristics  of  the  soil  and  environment. 
Most  pesticides  used  in  Illinois  are  applied  direct- 
ly to  the  soil  in  early  spring.  Upon  contact  with 
the  soil,  some  of  the  pesticide  will  adhere  to  soil 
particle  surfaces  and  some  will  dissolve  into  water 
in  the  soil.  How  much  of  the  pesticide  adheres  to 
the  soil  and  how  much  dissolves  into  the  water 
will  be  strongly  influenced  by  the  soil  sorption 
coefficient  of  the  pesticide  and  by  the  soil  type. 

Soil  Type 

Soil  type  and  organic  matter  content  have  a  sig- 
nificant influence  on  both  the  rate  at  which  the 
pesticide  breaks  down  and  how  much  remains 


available  to  control  pests.  Studies  have  shown 
that  high  soil  organic  matter  content  may  slow  the 
rate  of  pesticide  degradation;  pesticide  activity 
may  also  be  reduced  as  soil  organic  matter  in- 
creases. This  is  probably  due  to  the  strong  as- 
sociation between  soil  organic  matter  and 
pesticide  sorption.  Microbial  degradation  of  pes- 
ticides occurs  when  pesticides  are  in  solution. 
When  a  pesticide  is  sorbed  to  organic  matter,  the 
pesticide  is  unavailable  to  the  microorganisms 
that  degrade  it.  However,  some  pesticides  (such 
as  organophosphorus  insecticides)  can  be  broken 
down  by  chemical  reactions  that  occur  when  the 
pesticide  adheres  to  clay  particles.  When  organic 
nutrients  like  crop  residue  are  added  to  soil,  pes- 
ticide degradation  may  be  increased  because  the 
nutrients  stimulate  microbial  growth. 

Temperature,  Moisture  and  plH 

Variations  in  temperature,  moisture,  and  pH  in- 
fluence the  rate  of  pesticide  loss  from  soil.  In- 
creases in  soil  temperature  and  moisture  generally 
result  in  faster  degradation  rates,  usually  because 
these  conditions  favor  microbial  populations. 
When  a  soil  becomes  flooded  for  extended 
periods  of  time,  however,  the  soil  may  lack 
oxygen  (anaerobic  condition),  and  the  degradation 
rate  of  pesticides  may  slow  down. 

On  the  other  hand,  prolonged  lack  of  oxygen 
in  the  soil  can  enhance  the  degradation  of  the 
dinitroaniline  herbicides.  Soil  pH  within  the  nor- 
mal range  of  Illinois  soils  is  unlikely  to  influence 
insecticide  degradation  rates  much,  but  the  capa- 
bility of  certain  herbicides  to  adhere  to  the  soil 
may  be  affected  by  soil  pH.  The  result  may  be 
that  the  capability  of  the  pesticide  to  control  pests 
is  altered. 
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Transformations  that 
Pesticides  Undergo 

Pesticides  may  be  altered  by  both  chemical 
changes  and  microorganisms.  The  transformed 
pesticides  may  have  either  an  enhanced  or  a 
reduced  capability  to  control  pests.  For  example, 
atrazine  transforms  in  soil  to  hydroxyatrazine, 
which  no  longer  has  the  ability  to  kill  weeds.  On 
the  other  hand,  the  insecticide,  terbufos  (Counter), 
is  both  biologically  and  chemically  changed  in 
soil  to  become  terbufos  sulfoxide  and  sulfone, 
both  of  which  are  toxic  to  insects. 

The  changes  in  a  pesticide  depend  upon  the  en- 
vironment into  which  the  pesticide  is  placed.  For 
example,  phorate  (Thimet)  transforms  to  a  similar 
pesticide  product  in  soil  and  in  plants,  but  a  sig- 
nificant proportion  can  be  converted  to  other 
products  in  com  that  do  not  occur  in  soil. 
Another  significant  reaction  occurring  in  plants  is 
the  attachment  of  the  pesticide  to  various  sugars, 
amino  acids,  or  peptides  (small  proteins),  produc- 
ing chemicals  that  are  more  water  soluble  but  less 
toxic  than  the  original.  They  are  stored  in  plant 
tissues  and  absorbed  by  pests,  but  are  probably 
not  very  toxic  to  pests.  This  type  of  change  is  less 
common  in  soils  than  in  plants. 

influences  on  IVIovement 
of  Pesticides  in  Soil 

Leaching 

Leaching  of  pesticides  in  soil  is  influenced  by 
interactions  among  pesticide  sorption,  soil  proper- 
ties, and  soil  water.  Chemicals  that  are  more 
water  soluble  have  a  tendency  to  leach.  In  addi- 
tion to  those  that  are  highly  water  soluble,  how- 
ever, chemicals  that  are  less  water  soluble  are  also 
found  in  shallow  groundwater.  This  indicates  that 
soil  properties  such  as  soil  texture  and  hydraulic 
conductivity  are  important  determinants  of  pes- 
ticide leaching.  For  example,  most  p)esticides 
move  very  quickly  in  sandy  soils.  In  soils  with 
finer  textures,  well  developed  macropores  (large 
holes)  can  conduct  water  and  pesticides  very 
quickly  to  depths  well  below  the  root  zone.  Soil 
moisture  is  very  critical  to  understanding  move- 
ment of  pesticides  through  macropores;  initially 


high  soil  moisture  makes  movement  through  mac- 
ropores more  likely  during  moderate  rainfalls. 

When  water  soluble  chemicals  are  applied  to 
very  permeable  soils,  they  are  likely  to  leach 
below  the  root  zone,  increasing  the  risk  of 
groundwater  contamination.  The  reason  is  that 
water  soluble  chemicals  have  a  low  tendency  to 
sorb  to  soil  and  comparatively  low  sorption  coeffi- 
cients. 

In  contrast,  chemicals  with  comparatively  low 
water  solubilities  tend  to  sorb  to  soil,  which 
retards  leaching.  Leaching  is  retarded  to  the 
greatest  extent  in  soils  with  more  organic  matter. 
However,  tight  binding  in  soil  can  make  a  chemi- 
cal more  susceptible  to  moving  off  the  field  with 
eroded  soil. 

Surface  Runoff 

Movement  of  pesticides  from  soil  by  surface 
runoff  is  affected  by  four  variables: 

1 .  rainfall  timing, 

2.  hydrologic  and  soil  characteristics  of  the 
field, 

3.  pesticide  characteristics, 

4.  pesticide  target  (soil  or  foliage). 

The  sooner  rain  falls  after  pesticide  applica- 
tion, the  greater  the  amount  of  pesticide  runoff. 
During  the  period  between  application  and  rain- 
fall, some  of  the  pesticide  dissipates,  decreasing 
the  amount  of  pesticide  available  to  run  off  the 
surface  and  leach  into  the  soil.  The  greatest  poten- 
tial for  j)esticide  loss  in  surface  water  runoff  oc- 
curs immediately  after  application  and  as  a  result 
of  excessive  rainfall;  less  occurs  in  subsequent 
rainfalls.  More  p)esticide  runoff  can  be  expected  in 
fields  with  steep  slopes  because  they  experience 
higher  amounts  of  water  runoff  and  erosion. 
Under  worst  case  conditions,  less  than  5%  of  the 
total  amount  of  pesticide  applied  is  expected  to  be 
lost  through  surface  runoff. 
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Effect  of  Conservation 
Tillage  on  Pesticides  in 
Soil 

The  effect  of  conservation  tillage  practices  on 
the  behavior  of  pesticides  is  important  because 
these  practices  are  essential  for  protecting  soil  and 
water  resources.  The  answers  to  three  questions 
about  pesticide  use  with  no-till  will  have  an  im- 
pact on  the  fate  of  pesticides  in  the  environment: 

1.  How  will  the  capability  of  pesticides  to  con- 
trol pests  be  altered  and  will  pesticide  rates  be  in- 
creased for  no-till  farming? 

2.  How  will  degradation  rates  and  transforma- 
tion of  the  pesticide  into  other  products  be  af- 
fected? 

3.  How  will  movement  of  the  pesticides  into 
plants,  air,  and  water  be  affected? 

Depending  on  the  agronomic  system  and 
locality,  conservation  tillage  practices  may  or  may 
not  require  more  use  of  pesticides.  Increased  crop 
scouting  and  more  information  about  pest/pes- 
ticide interactions  is  recommended  to  reduce  pes- 
ticide applications.  The  recommended  rates  for 
insecticides  have  not  been  changed  in  response  to 
tillage  practices.  However,  herbicide  rates  may 
be  adjusted  for  soil  type  differences  and  weed 
species. 

In  some  cases,  crops  under  no-till  sometimes 
need  slightiy  higher  application  rates  of  preemer- 
gence  herbicides,  or  require  applications  of  pos- 
temergence  herbicides. 

Effects    of    No-Till    on    Pesticide 
Dissipation 

Soil  under  no-till  conditions  for  a  long  period 
of  time  will  differ  from  plowed  soils.  The  proper- 
ties likely  to  be  affected  (moisture,  temperature, 
organic  matter,  pH,  microbial  population)  will  in- 
fluence pesticide  behavior.  Interception  of  pes- 
ticide sprays  or  granules  by  crop  residue  on  the 
soil  surface  may  temporarily  delay  degradation  of 
the  chemical  by  preventing  contact  with  the  soil 
surface.  Eventually,  however,  the  chemical  will 


be  washed  to  the  soil  surface,  carried  away  by 
moving  water,  or  volatilize. 

A  few  studies  have  shown  that  the  rates  of  pes- 
ticide dissipation  are  not  significantiy  affected  by 
lack  of  tillage.  However,  pesticide  volatilization 
and  degradation  by  sunlight  increase  during  dry 
weather  if  pesticides  have  not  washed  off  of  crop 
residue.  Another  concern  is  herbicide  carryover 
in  no-till  soils  where  lack  of  tillage  may  result  in 
an  accumulation  of  herbicides  near  the  soil  sur- 
face. However,  other  factors  besides  tillage  will 
affect  the  degree  and  impact  of  herbicide  car- 
ryover. 

Pesticide  Movement  in 
Runoff  Water  under  No-Till 

There  is  little  doubt  that  conservation  tillage 
can  significantiy  reduce  soil  erosioiL  However, 
water  runoff  is  sometimes  less  affected.  Preven- 
tion of  soil  erosion  by  an  increase  in  crop  residue 
cover  has  also  been  shown  to  decrease  insecticide 
runoff.  Runoff  of  the  more  water  soluble  her- 
bicides from  crop  residue  is  sometimes  less  af- 
fected by  residue  because  these  chemicals  will 
dissolve  easily  in  the  rainwater  hitting  the  residue 
and  move  with  the  water.  However,  conservation 
practices  that  discourage  water  transport  (such  as 
contouring)  should  significantiy  reduce  runoff  of 
herbicides. 

Formulation  can  influence  pesticide  runoff. 
Microencapsulated  herbicide  formulations  may 
run  off  the  field  along  with  eroded  soil  more  easi- 
ly than  will  emulsifiable  concentrate  formulations. 
Pesticides  that  are  incorporated,  however,  will  run 
off  less.  For  example,  in-furrow  rather  than 
banded  applications  of  soil  insecticides  can  reduce 
pesticide  runoff,  especially  if  combined  with  con- 
servation tillage  or  contouring. 

Pesticide  Movement  through 
Leaching  under  No-Till 

No-till  has  been  speculated  to  enhance  leach- 
ing of  pesticides  because  of  greater  infiltration  of 
rainfall,  and  perhaps  due  in  part  to  the  compara- 
tively greater  prevalence  of  macropores  in  un- 
tilled  soil.  Several  studies  have  shown  that 
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shallow  groundwater  below  no-till  fields  some- 
times contains  greater  concentrations  of  pesticide 
residues  than  groundwater  in  plowed  fields.  The 
same  studies,  however,  noted  that  shallow 
groundwater  in  the  tilled  fields  contained  detec- 
table levels  of  pesticides.  Soil  is  essentially  un- 
tilled  below  the  plow  layer;  therefore,  if  a 
pesticide  leaches  below  the  root  zone  in  tilled 
fields,  it  becomes  subject  to  the  same  factors  af- 
fecting pesticides  in  untilled  fields.  Because  most 
detections  of  pesticides  in  groundwater  are  far 
below  drinking  water  health  advisories,  no-till 
probably  has  little  impact  on  pesticide  contamina- 
tion of  groundwater. 

Some  research  suggests  that  no-till  has  little 
overall  impact  on  leaching  of  pesticides.  In  some 
cases,  infiltration  can  be  reduced  under  no-till  con- 


ditions. Organic  matter  content  near  the  soil  sur- 
face is  usually  higher  in  no-till  than  in  plowed 
soils,  which  may  retard  leaching  because  of  the  in- 
crease in  sorption  when  organic  matter  is  present. 
Other  studies  have  shown  that  macropore 
transport  in  untilled  fields  only  becomes  sig- 
nificant when  rainfalls  are  excessive. 

Studies  have  proven  that  most  of  the  pesticides 
remain  in  the  top  2  inches  of  the  soil  profile  after 
application  regardless  of  the  tillage  system.  Be- 
cause soil  erosion  and  subsequent  deterioration  of 
water  quality  by  sediment  is  generally  a  more  criti- 
cal problem  than  contamination  of  groundwater 
by  pesticides,  concerns  of  increased  pesticide 
leaching  should  not  deter  farmers  from  practicing 
no-till  farming. 


Ways  to  Protect  Water  Quality  by  Considering 
Soil-  Pesticide  Interactions 

1.  Use  pesticides  that  have  low  leaching  and  runoff  potential. 

2.  Consider  the  vulnerability  of  the  soil  to  leaching  and 
runoff. 

3.  Don't  apply  chemicals  when  heavy  rain  makes  it  more 
likely  for  them  to  be  leached  through  the  soil  to 
groundwater  or  to  runoff  into  surface  water. 
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Groundwater  and  Aquifer 
Contamination  Vulnerability 
in  Illinois 


Groundwater  is  defined  in  the  Illinois 
Groundwater  Protection  Act  of  1987  as  "under- 
ground water  that  occurs  within  the  saturated  zone 
and  geologic  materials  where  the  fluid  pressure  in 
the  pore  space  is  equal  to  or  greater  than  atmos- 
pheric pressure."  Groundwater  is  stored  in  open- 
ings ranging  from  tiny  pores  between  silt  and  clay 
particles  to  larger  pores  in  sand  and  gravel  and 
even  larger  pores  in  crevices  of  limestone  and 
sandstone. 

Water  Table 

The  water  table  is  the  surface  of  the  saturated 
zone  at  which  pore  water  pressure  is  at  atmos- 
pheric pressure.  Below  that  point,  almost  all 
pores  are  filled  with  water.  The  water  table  in 
humid  areas  like  Illinois  roughly  parallels  the  sur- 
face topography,  rising  under  the  uplands  and 
intersecting  the  ground  surface  along  perennial 
streams,  lakes,  swamps  and  springs.  At  these 
points  of  intersection,  groundwater  is  discharged 
to  surface  water  bodies  by  gravity  flow  from  areas 
where  the  water  table  is  higher.  The  water  table 
occurs  at  shallow  depdis  throughout  most  of  Il- 
linois. However,  the  groundwater  present  may 
not  be  readily  available  to  a  well.  Water  will  be 
available  only  if  the  well  encounters  material  with 
sufficiently  high  permeability.  Tile  drainage  inter- 
cepts the  shallow  water  table  and  discharges 
groundwater  to  surface  water  (such  as  ditches, 
streams  and  lakes). 


Aquifer 

An  aquifer  is  made  up  of  natural  material  with 
interconnected  openings  large  enough  to  transmit 
water  readily  to  a  well  in  sufficient  quantity  to 
satisfy  the  needs.  Aquifer  distribution  varies 
across  Illinois,  from  areas  such  as  Mason  County 
where  the  aquifer  occurs  within  a  few  feet  of  the 
ground  surface,  to  areas  such  as  Champaign  Coun- 
ty where  the  aquifers  are  more  than  100  feet 
below  ground  surface.  In  large  parts  of  western 
and  southern  Illinois,  aquifers  are  not  present  or 
the  groundwater  in  the  aquifer  is  naturally  of  such 
poor  quality  that  it  is  not  used. 

Groundwater  Vulnerability 
to  Contamination 

Groundwater  and  aquifer  vulnerability  to 
agricultural  chemical  contamination  is  determined 
by  soil  properties  and  hydrogeologic  conditions. 
Shallow  groundwater  is  most  vulnerable  to  con- 
tamination from  pesticides  and  fertilizers  because 
its  close  proximity  to  the  soil  surface  limits  the  at- 
tenuating capacity  of  soil  to  remove  contaminants 
from  infiltrating  water.  Organic  carbon  content 
and  hydraulic  conductivity  (the  ease  with  which 
water  moves  through  the  soil)  are  the  two  most 
important  soil  properties  that  affect  the  potential 
for  pesticides  to  leach  to  groundwater.  Nitrate  is 
highly  soluble,  so  it  dissolves  in  water  easily;  and 
it  does  not  adsorb  (adhere)  to  organic  matter  or 
clay  so  it  moves  with  the  water.  Consequendy, 
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the  movement  of  nitrate  into  groundwater  is  con- 
trolled by  the  soil's  capability  of  permitting  water 
to  flow  through  it  (its  hydraulic  conductivity). 

The  thickness  and  character  of  the  geologic 
materials  between  the  base  of  the  soil  (the  depth 
at  which  the  soil  profile  ends)  and  the  top  of  the 
aquifer  greatly  affect  the  potential  for  contamina- 
tion of  the  aquifer.  Once  pesticides  or  nitrates 
reach  the  water  table,  their  rate  of  movement  to  an 
aquifer  depends  on  the  hydraulic  gradient  and  con- 
ductivity, porosity,  and  attenuating  capacity  of  the 
materials  overlying  the  aquifer.  Contaminants 
such  as  pesticides  adhere  to  materials,  slowing 
their  movement,  and  are  degraded  by  chemical 
processes  and  microbes,  reducing  their  concentra- 
tion in  solution.  Dilution  is  apparently  the  only 
significant  process  affecting  the  fate  of  nitrates  in 
deep  aquifers.  There  is  some  indication  that 
denitrification  (the  change  of  nitrogen  forms  into 
gaseous  nitrogens)  may  occur  in  some  aquifers, 
but  environmental  conditions  conducive  to 
denitrification  may  not  exist  in  deeper  aquifers. 

A  number  of  methods  have  been  developed  to 
estimate  potential  for  contamination  of 
groundwater  and  aquifers  by  agricultural  chemi- 
cals. Sophisticated  computer  models  have  been 
developed  and  used  by  researchers  and  regulatory 
agencies  to  estimate  leaching  of  pesticides  from 
the  plant  root  zone  to  the  water  table.  These 
models  require  extensive  data  on  the  pesticides 
used,  the  crop  grown,  soil  properties,  hydrology, 
and  meteorology. 

Well  Water  Vulnerability 

Shallow  wells  that  draw  from  water  table 
aquifers  are  most  susceptible  to  contamination  be- 
cause water  that  recharges  them  does  not  travel 
through  much  soil  or  geologic  material  before 
reaching  the  water  table.  Deeper  wells,  often 
drilled  into  confined  aquifers,  are  better  protected 
from  surface  activities  because  they  are  distant 
from  the  surface  and  contaminants  must  travel  a 
long  way  in  percolating  water  before  arriving  at 
the  aquifer.  However,  the  protective  benefit  of 
well  depth  can  be  negated  if  surface  runoff  col- 
lects around  the  wellhead  or  enters  it.  Aquifers 
and  deeper  wells  may  also  be  polluted  by  direct 


routes  of  contamination  such  as  sink  holes, 
mineshafts,  abandoned  wells,  or  rock  quarries. 

Sinkholes  and  fractures  in  thie  bedrock  of  karst 
areas  may  extend  to  the  soil  surface,  providing  ac- 
cess for  runoff  directly  to  the  groundwater.  Water 
moving  into  these  access  points  bypasses  the 
natural  treatment  that  percolation  through  soil 
provides.  Karst  areas  should  be  farmed  carefully. 
Buffer  zones  should  be  placed  around  sinkholes  to 
prevent  runoff  entry  to  the  groundwater,  or  to  fil- 
ter the  sediments  from  the  water. 

Surface  Water 
Contamination 

Surface  waters  have  a  greater  capacity  for 
changing  the  nature  of  the  pesticides  than 
groundwaters  since  biological  breakdown  proces- 
ses operate  at  a  faster  rate  in  surface  water  than  in 
groundwater.  However,  surface  water  quality  is 
generally  at  greater  risk  than  groundwater  quality, 
even  though  protection  of  groundwater  quality 
receives  more  media  attention.  A  survey  of  sur- 
face waters  in  Illinois  by  the  Illinois  Environmen- 
tal Protection  Agency  found  detectable  levels  of 
at  least  one  herbicide  (atrazine)  in  77%  of  580 
samples  collected  from  October,  1985,  to  Oc- 
tober, 1988.  Control  of  surface  water  contamina- 
tion is  best  achieved  by  controlling  overland 
movement  of  water  and  sediment.  Soil  conserva- 
tion practices  and  prudent  use  of  buffer  strips  near 
stream  banks  generally  reduce  the  probability  of 
surface  water  contamination  from  runoff.  Surface 
water  contamination  prevention  results  most  easi- 
ly from  practicing  soil  conservation  methods  that 
increase  infiltration  of  water  in  the  field. 

Influence  of  Geology  on 
Aquifer  Vulnerability 

Where  aquifers  are  deeply  buried  in  Illinois, 
they  are  generally  overlain  by  deposits  of  fine- 
grained materials  that  are  low  in  permeability. 
Materials  of  low  permeability  (loess,  glacial  tills, 
shale,  cemented  sandstone,  and  unfractured 
dolomite  and  limestone)  restrict  contaminant 
migration;  whereas  highly  permeable  materials 
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(sand,  gravel,  fractured  dolomite  and  limestone, 
and  sandstone)  tend  to  allow  rapid  migration  of 
contaminants.  The  thickness  of  the  fine-grained 
materials  controls  the  susceptibility  of  the  underly- 
ing aquifers  to  contamination.  As  the  thickness  of 
these  fme-grained  materials  increases,  the  poten- 
tial for  anenuation  of  a  contaminant  before  it 
reaches  an  underlying  aquifer  increases. 

The  time  it  takes  a  contaminant  to  reach  an 
aquifer  is  affected  not  only  by  rate  of  movement, 
but  also  by  distance  to  the  aquifer.  (Travel  time 
equals  distance  divided  by  rate  of  movement) 
Consequendy,  depth  to  an  aquifer  is  extremely  im- 
portant for  predicting  whether  aquifer  contamina- 
tion from  surface-applied  agricultiiral  chemicals 
has  occurred. 

In  Illinois,  geologic  mapping  has  been  used 
since  the  early  1960"s  to  identify  areas  vulnerable 
to  contamination  from  landfills  and  other  waste 
disposal  practices.  More  recentiy,  the  Illinois 
State  Geological  Survey  (ISGS)  has  used  the 
same  approach  to  assess  the  vulnerability  of 
aquifers  to  contamination  from  agricultural  chemi- 
cals. Copies  of  the  ISGS  report  and  aquifer  vul- 
nerability maps  for  each  county,  made  available 
by  the  Illinois  Department  of  Agriculture  to  Coun- 
ty Soil  and  Water  Conservation  District  and 
Cooperative  Extension  offices,  can  be  useful  in 
determining  the  potential  for  aquifer  contamina- 
tion throughout  Illinois. 

The  approach  used  by  the  ISGS  is  to  assign 
four  categories  of  aquifer  vulnerability  to  con- 
tamination based  on  depth  of  the  aquifer  and  char- 
acter of  the  geologic  material.  The  resulting  map 
is  presented  in  Figure  6. 

The  four  categories  of  aquifer  vulnerability  to 
contamination  from  agricultural  chemicals  are: 

7     High  potential  for  contamination  from 
agricultural  chemicals. 

Shallow  aquifers  are  most  vulnerable  where 
the  top  of  the  aquifer  material  lies  within  5  feet  of 


ground  surface.  These  areas,  about  15  percent  of 
rural  Illinois,  typically  consist  of  thin  loess  or 
bedrock  residuum  over  jointed  limestone, 
dolomite  or  porous  sandstone;  or  less  than  5  feet 
of  loess  or  silty  lacustrine  materials  over  thick 
deposits  of  sand  and  gravel.  Principal  areas  are 
north-central,  northwestern,  and  extreme  southern 
Illinois,  and  areas  adjacent  to  the  Mississippi 
River  (Figure  6). 

2  Second  highest  contamination  potential 

Aquifers  are  also  vulnerable  where  the  top  of 
the  aquifer  material  lies  between  5  and  20  feet 
below  land  surface.  These  areas,  about  13  percent 
of  rural  Illinois,  have  continuous  deposits  of  rela- 
tively fine-grained  materials  such  as  loess,  till,  or 
lacustrine  deposits  overlying  highly  permeable 
aquifer  materials.  Principal  areas  are  northern, 
southern,  and  extreme  western  Illinois  (Figure  6). 

^  Third  level  of  contamination  potential. 

The  third  level  is  areas  where  continuous 

aquifers  lie  between  20  and  50  feet  below  the 
ground  surface.  These  areas,  about  1 1  percent  of 
rural  Illinois,  have  at  least  20  feet  of  fine-grained 
materials  overlying  highly  permeable  deposits. 
These  sequences  of  earth  materials  occur  through- 
out Illinois,  but  are  concentrated  in  western,  south- 
central,  and  southern  Illinois  (Figure  6). 

^  Lowest  potential  for  contamination. 

Areas  with  no  continuous  aquifer  material 
within  50  feet  of  ground  surface  are  least  vul- 
nerable to  contamination.  These  areas,  more  than 
60  percent  of  rural  Illinois,  have  at  least  50  feet  of 
fine-grained  materials  overlying  the  aquifer. 
Every  county  in  Illinois  contains  sequences  of 
earth  materials  like  these,  but  the  greatest  areal 
coverage  occurs  in  northeastern  and  central  Il- 
linois (Figure  6). 
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Ways  to  Protect  Water  Quality 

1 .  Know  the  location  of  groundwater  on  your  farm  and  its  dis- 
tance from  the  surface. 

2.  Seal  abandoned  wells.  It's  the  law. 

3.  Don't  use  abandoned  wells  or  sink  holes  as  dump  sites  for 
pesticides. 

4.  Don't  apply  agrichemicals  near  sinkholes  or  abandoned 
wells  or  rinse  equipment  near  water  sources. 

5.  Protect  sinkholes  with  filter  strips,  sealing,  or  diverting 
runoff. 
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Management  Options  to  Prevent 
Water  Quality  Degradation 
from  Nutrients 


All  soil  management  and  crop  production  prac- 
tices need  to  be  formed  into  a  management  sys- 
tem that  provides  the  maximum  efficiency, 
economy,  and  environmental  protection.  One 
way  to  reduce  or  prevent  water  quality  problems 
is  to  develop  and  adopt  fertilizer  management 
practices  that  improve  the  efficiency  of  fertilizer 
utilization  while  enhancing  economical  crop 
production.  This  unit  discusses  those  manage- 
ment practices,  concentrating  on  N  and  P  because 
they  are  the  two  plant  nutrients  that  play 
prominent  roles  in  degrading  water  quality. 

A  prime  consideration  in  managing  fertilizer 
usage  is  determining  application  rates.  Fertilizer 
application  rates  should  be  based  primarily  upon 
two  factors: 

1 .  the  amount  of  N  or  P  estimated  to  be  in  the 
soil  when  the  plants  most  need  it, 

2.  the  expected  yield  of  the  crop. 

Measuring  the  amount  of  N  and  P  in  the  soil 
prior  to  application  also  economizes  on  fertilizer 
costs  because  it  may  permit  application  of  less  fer- 
tilizer for  the  particular  crop. 

Management  of  N 
Fertilizers 

Soil  Testing  for  N 

N  fertilizer  application  rates  should  be  based 
primarily  upon  the  amount  of  N  estimated  to  be  in 


the  soil  and  the  N  requirements  of  the  particular 
crop.  For  a  number  of  years,  it  has  been  possible 
to  measure  the  amount  and  form  of  N  in  a  sample 
of  soil  using  laboratory  methods.  There  are  two 
important  guidelines  to  make  the  soil  test  valid: 

1 .  The  samples  must  be  tested  very  near  the 
time  of  the  greatest  N  demand  by  the  plants  be- 
cause N  changes  forms  easily  in  the  soil  and  can 
move  with  the  soil  water  or  be  lost  through  leach- 
ing and  denitrification  in  a  short  time.  If  samples 
are  taken  well  in  advance  of  the  crop's  primary 
demand  for  N,  the  results  may  not  predict  ac- 
curately the  availability  of  N  at  the  time  of  maxi- 
mum demand  and  may  under-  or  over-estimate 
the  need  for  more  N  applications. 

2.  Samples  must  be  taken  from  the  part  of  the 
soil  profile  from  which  plant  roots  take  moisture 
and  nutrients — probably  to  a  depth  of  two  feet. 
This  depth  is  greater  than  is  normal  for  soil  tests. 

weBaBeoaBBoaeeaBaBeaoBflMaaaaaaaaeaaaaaddMaaaeoaaaaaaaflaeaaaat 

So/7  Testing  Technology 

There  has  been  a  recent  resurgence  of  interest 
in  improving  N  soil  testing  technology.  Nitrate 
tests  have  been  used  with  some  success  for 
years  in  the  dryer,  western  part  of  the  Cornbelt, 
but  in  the  more  humid  eastern  regions  they  have 
proven  to  be  less  useful.  Research  is  underway 
throughout  the  Midwest  to  refine  the  sampling 
and  interpretation  techniques  of  the  nitrate  soil 
test  to  make  it  more  universally  useful. 
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N  Requirements  for  Corn 


Extensive  field  research  has  shown  that  in  nor- 
mal years,  com  growth  following  com  will  need 
about  1 .25  pounds  of  N  for  each  bushel  of  ex- 
pected yield.  Thus,  estimating  accurately  the 
amount  of  N  remaining  in  the  field  and  estab- 
lishing a  realistic  yield  goal  are  very  important. 

It  is  essential  to  give  N  credits  to  previous 
legume  crops,  and  to  applications  of  manure  or 
other  materials  that  may  have  added  to  the  supply 
of  N  in  the  soil  and  to  adjust  the  N  rate  according- 
ly (Tablet). 

Failure  to  recognize  the  contributions  of  these 
other  sources  of  N  and  to  adjust  rates  accordingly 
is  a  major  cause  of  over- fertilization.  Further,  the 
productivity  of  the  previous  season  will  have  an 
impact.  Following  drought  years,  it  is  not  uncom- 
mon for  sufficient  N  to  be  carried  over  to  supply 
part  of  the  crop  needs  the  following  year. 

Applying  the  N  Fertilizer 

Apply  N  as  near  the  time  of  major  demand  by 
the  crop  as  possible.  Sidedressing  has  the  ad- 
vantage here,  but  because  of  the  acreages  in- 
volved, the  relatively  short  "time  window,"  and 
the  limited  amount  of  application  equipment  avail- 
able, it  is  unrealistic  to  suggest  that  all  N  applica- 
tions for  com  be  sidedressed. 


Table  1.  Adjustments  in  Nitrogen  Recommendations 


Factors  resulting  in  reduced  nitrogen  requirement 

Crop  to 
be  grown 

1st  year  after 
After    alfalfa  or  clover 

be7ns       P'ants/sqft 
5       2-4      <2 

2nd  year  after 
alfalfa  or  clover      j^. 

Plants/sq  ft         nure 

5            <5 

lI IL    /  -  -      _ 

Com 

Wheat 

. ...     40       100      50        0             30            0             5' 
. ...     10        30      10        0               0            0             5' 

'  Nitrogen  contribution  in  pounds  per  ton  of  manure. 

On  many  Illinois  soils,  there  is  little  difference 
in  yield  when  nitrogen  is  applied  in  preplant  or 
sidedress  applications.  However,  in  years  of  ex- 
cessive precipitation  in  late  May  and  early  June, 
sidedressing  has  the  advantage,  particularly  on 
poorly  drained  soils. 

Spring  preplant  applications  are  considered  to 
be  second-best  and  applications  the  previous  fall 
are  acceptable  in  the  northern  two-thirds  of  Il- 
linois on  soils  other  than  those  that  are  exces- 
sively well-drained  (sandy)  or  those  that  remain 
saturated  for  extended  periods  (Figure  7). 

For  fall  applications,  an  ammonium  source  of 
N  should  be  used,  applications  should  be  delayed 
until  the  soil  cools  to  50°F,  and  consideration 
should  be  given  to  using  a  nitrification  inhibitor 
(Figure  8). 

Except  where  an  ammonium  carrier  is  sug- 
gested for  fall  applications,  there  is  little  dif- 


Figure  7.  Comparison  of  fall-  and  spring-applied  ammonium  nitrate 
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Results  from  18  experiments  in  central  and  northern  Illinois,  1966-1969  (DeKalb,  Carthage,  Carlinville,  and  Hartsburg).  Fig- 
ure at  left  shows  increased  yield  from  fall  fertilizer  application  as  a  percent  of  yield  increases  achieved  when  fertilizer  was 
applied  in  the  spring.  Figure  at  right  shows  amount  of  fertilizer  needed  in  the  fall  to  obtain  a  yield  as  a  percent  of  the  ter- 


ipplied  .      _       _ 

tilizer  needed  to  obtain  that  same  yield  with  spring  application. 
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Figure  8.  Effect  of  nitrification  inhibitors  on  corn  yields  at 
varying  nitrogen  application  rates,  DeKalb,  1979. 

•  '  Fall-applied  Nitrogen  without  Nitrapyrin 

O-  Fall-applied  Nitrogen  with  Nitrapynn  (0.5  lb/A) 

■■-  Spring-applied  Nitrogen  without  Nitrapyrin 


0  100  150  200 

Nitrogen,  pounds  per  acre 

ference  in  efficacy  among  properly  applied  N  fer- 
tilizer materials.  Nitrate  can  move  with  the  soil 
water  immediately  after  application  while  am- 
monium must  be  nitrified  before  it  is  water 
soluble. 

The  soil  nutrient  leaching  ratings  discussed  in 
Chapter  2,  Chemical  and  Physical  Properties  of 
Soils,  will  serve  as  guidelines  for  nitrogen  applica- 
tions. Management  options  should  be  considered 
on  soils  that  have  a  moderate  or  high  nutrient 
leaching  rating.  Also,  a  seasonal  water  budget  or 
other  climatic  information  should  be  considered  to 
avoid  applications  of  nitrogen  fertilizers  when 
they  are  most  susceptible  to  leaching. 

Management  of  P 
Fertilizers 

P  is  not  water  soluble  in  the  soil  to  any  appreci- 
able extent  and  is  not  likely  to  move  from  the  soil 
into  either  surface  or  groundwater  supplies  unless 
it  moves  along  with  soil  particles  to  which  it  ad- 
heres. Thus,  controlling  the  movement  of  P  into 
water  supplies  lies  in  controlling  erosion  and  in 
eliminating  other  point  sources  of  P  contamina- 
tion. All  of  the  widely  accepted  methods  of  con- 


trolling soil  erosion  are  useful  in  preventing  sedi- 
ment that  contains  P  (and  other  nutrients)  from 
moving  into  water  supplies.  Good  crop  and  soil 
management  includes  crop  rotation,  conservation 
tillage,  contouring,  terracing,  the  use  of  winter 
cover  crops,  maintaining  continuous  vegetation  on 
steep  slopes,  and  many  other  techniques. 

There  are  no  measurable  differences  among 
the  many  different  P  fertilizer  materials  in  their 
potential  to  become  pollutants  in  surface  or 
ground  waters. 

Soil  Testing  for  P 

Soil  tests  for  P  are  well  established  and  very 
useful  in  determining  the  need  for  P  fertilizers. 
The  most  used  test  is  the  P- 1  test,  which  estimates 
plant-available  P  in  the  soil. 

Management  of  Manure 

Animal  manure  contains  numerous  plant 
nutrients,  including  N  and  P,  and  a  host  of  other 
organic  and  inorganic  constituents  (Table  2). 
How  manure  is  handled  on  the  farm  determines 
whether  or  not  it  may  become  a  contaminant  in 
water. 

Manure  deposited  in  fields  by  grazing  animals 
is  usually  scattered  widely  and  is  largely  made  up 
of  constituents  that  have  been  taken  up  from  the 

Table  2.  Average  Composition  of  Manure 


Nutrients  (lb/ton) 

Kind  of  animal  Nitrogen     Phosphorus     Potassium 

(N)  (P:0,)  (K2O) 

Dairy  cattle 11  5  11 

Beef  cattle 14  9  11 

Hogs 10  7  8 

Chicken 20  16  8 

Dairy  cattle  (liquid) 5(26)^  2(11)  4(23) 

Beef'cattle  (liquid) 4(21)  1(   7)  3(18) 

Hogs  (liquid)  10(56)  5(30)  4(22) 

Chicken  (liquid) 13(74)  12(68) 5(27) 

'  Parenthetical  numbers  are  pounds  of  nutrients  per  1,000  gallons. 


fields,  so  it  is  not  considered  a  major  source  of 
water  pollution.  However,  when  manure  is  ac- 
cumulated by  the  confinement  of  animals,  it  must 
be  managed  carefully  or  it  can  move  into  the 
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water  and  become  a  contaminant.  Manure  may 
also  be  a  contaminant  from  grazing  animals  that 
are  allowed  access  to  streams  or  ponds.  This  type 
of  pollution  can  be  avoided  by  the  provision  of 
adequate  livestock  watering  facilities. 

Solid  Manure 

Manure  that  is  handled  in  the  solid  state  is  nor- 
mally spread  on  fields  near  the  farmstead,  where 
it  may  cause  quite  high  levels  of  plant  nutrients  to 
accumulate  in  the  soil.  None  of  these  nutrients 
are  likely  to  cause  water  contamination  problems 
with  the  exception  of  N.  Nitrate  N  can  either 
move  in  water  across  the  soil  surface  or  leach 
through  the  soil  profile  into  streams,  underground 
aquifers,  or  improperly  constructed  shallow  wells. 

Since  manure  is  often  spread  on  the  fields 
during  the  winter,  there  is  also  a  possibility  that 
the  manure,  or  some  of  its  constituents,  may  move 
down-slope  across  the  surface  of  frozen  ground 
and  contaminate  surface  streams  or  ponds. 


Liquid  Manure 

Confinement  livestock  production  systems 
often  handle  manure  in  the  liquid  form.  The  liq- 
uid manure  is  often  accumulated  in  pits  or  lagoons 
from  which  it  is  pumped  into  applicators  for  dis- 
tribution onto  the  fields.  If  the  liquid  manure  is 
broadcast  on  the  soil  surface,  the  result  is  much 
the  same  as  with  solid  manure — there  is  a  poten- 
tial for  down-slope  movement  during  heavy  rains 
and  a  tendency  to  increase  the  nutrient  content  of 
the  soil.  The  N  content  of  surface-applied  manure 
(either  solid  or  liquid)  is  likely  to  diminish  rapidly 
through  the  volatilization  of  ammonia  during 
decomposition  unless  the  material  is  incorporated 
into  the  soil. 

Injecting  liquid  manure  into  the  soil  minimizes 
the  loss  of  ammonia  during  decomposition  so  that 
more  of  the  N  that  it  originally  contained  can  be 
nitrified  and  become  a  potential  pollutant  unless  it 
is  taken  up  quickly  by  growing  plants. 


Ways  to  Protect  Water  Quality 
through  Nutrient  Management 

1 .  Prepare  nutrient  budgets  for  crops  and  set 
realistic  yield  goals. 

2.  Avoid  over-application  of  nitrogen  fer- 
tilizer and  animal  manure. 

3.  Credit  other  sources  of  nitrogen,  such  as 
manure,  legumes,  or  sewage  sludges. 

4.  Sidedress  nitrogen  when  possible. 
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Management  Options  to  Prevent 
Water  Quality  Degradation 
from  Pesticides 


The  explanations  of  the  chemistry  of  pesticides 
and  their  interaction  with  various  soil  types  in  the 
previous  chapters  provide  you  with  the  under- 
standing you  need  to  select  pesticides  that  will 
reduce  contamination  of  ground  and  surface 
waters.  In  addition,  the  Appendix  contains  the 
common  or  chemical  names  and  trade  names  of 
55  pesticides,  along  with  valuable  information 
that  will  enable  you  to  judge  whether  the  pesticide 
will  likely  runoff  or  leach  into  waters  from  your 
land. 

Use  the  table  in  the  Appendix  and  the  proce- 
dure explained  in  this  chapter  to  estimate  the  rela- 
tive risk  to  water  resources  of  the  pesticides  you 
are  using  on  your  soils. 

Procedure  for  Determining 
Soil-Pesticide  Interaction 
Ratings 

Soil-pesticide  interaction  ratings  help  deter- 
mine the  potential  for  pesticide  loss  from  surface 
runoff  and  from  leaching  or  percolation  below  the 
root  zone  when  a  specific  jDesticide  is  used  on  a 
specific  soil.  This  rating  procedure  only  provides 
information  to  determine  relative  risk  to  water 
resources.  The  estimates  of  risk  to  water  resour- 
ces should  not  be  considered  precise  because 
there  are  too  many  variables.  The  estimates  of 
risk  should  be  considered  a  first  approximation 
and  a  guide  for  better  management. 


Soils  are  ranked  according  to  potential  for  pes- 
ticide loss  from  surface  runoff  and  from  leaching. 
The  ratings  from  each  soil  map  unit  in  each  coun- 
ty are  available  from  the  SCS  office  in  the  county. 
Pesticides  are  ranked  according  to  potential  for 
loss  to  surface  runoff  and  leaching.  They  are 
rated  according  to  the  properties  of  the  pesticides 
in  the  Appendix  table. 

Follow  this  procedure  to  estimate  the  soil-pes- 
ticide interaction  ratings  for  your  soils. 

1 .  Determine  the  water  resource  to  be 
protected — groundwater,  surface  water,  or  both. 
When  the  water  resource  to  be  protected  is 
groundwater,  then  the  leaching  ratings  and  the 
leaching  procedure  should  be  followed.  If  the 
water  resource  of  concern  is  surface  water,  the 
first  rating  should  be  done  with  the  runoff  poten- 
tial ratings  for  the  soil  and  the  pesticide.  Soils 
that  have  subsurface  drainage  or  restricting  layers 
that  intercept  infiltrated  water  and  discharge  it 
back  to  surface  water  should  also  be  rated  for 
leaching.  In  such  soils,  both  the  runoff  and  leach- 
ing potentials  are  important  to  the  water  quality  of 
the  surface  water  resource. 

2.  Determine  the  vulnerability  of  the  site  for 
pollution  of  an  aquifer  or  a  surface  water 
resource.  The  higher  the  potential,  the  more  like- 
ly that  you  should  use  one  of  the  management  op- 
tions. 

3.  Determine  the  soil  type  on  your  land.  The 
Soil  Conservation  Service  or  Extension  Service 
can  provide  you  with  a  soils  map  to  determine  the 
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soil  type  in  your  field.  Then  look  it  up  in  the  refer- 
ence list  to  determine  the  leaching  or  runoff  poten- 
tial. 

Some  soils  are  assigned  to  two  separate  soil 
hydrologic  groups  depending  on  whether  they  are 
drained  or  undrained.  In  some  cases,  the  leaching 
or  runoff  potential  ratings  are  different  for  the 
soils  in  different  hydrologic  groups.  Also,  some 
soil  map  units  have  more  than  one  kind  of  soil 
named.  In  these  complex  map  units,  you  need  to 
know  the  leaching  and  runoff  ratings  for  each  of 
the  component  soils;  then  plan  your  pesticide 
management  program  to  protect  the  one  that  has 
the  highest  potential. 

4.  Identify  the  target  pest  that  you  are  inter- 
ested in  controlling. 

5.  Make  your  pesticide  choices  using  recom- 
mendations from  either  the  "Illinois  Pest  Control 
Handbook"  or  the  "Illinois  Agronomy  Hand- 
book". Determine  the  pesticide  leaching  potential 
of  those  pesticides  using  the  table  presented  in  the 
Appendix.  Pesticides  are  rated  for  leaching  or 
runoff  according  to  the  chemical  properties  of  the 
active  ingredient.  Therefore,  pesticide  products 
that  are  mixtures  (pre-mix  or  tank  mix)  must  have 
each  of  the  component  ingredients  analyzed,  and 
must  be  assigned  a  potential  loss  rating  for  the 
component  that  poses  the  highest  risk. 


6.  Determine  the  potential  pesticide  loss. 
Figures  9  and  10  provide  rating  scales  you  can  use 
to  estimate  the  potential  loss  from  leaching  (Fig- 
ure 9)  and  from  runoff  (Figure  10).  In  Figure  9, 
the  intersection  of  the  soil  leaching  potential  and 
the  f)esticide  leaching  potential  gives  the  overall 
leaching  potential,  expressed  as  a  potential  of  1,  2, 
or  3.  For  example,  the  line  for  a  soil  with  an  inter- 
mediate soil  leaching  potential  and  the  line  for  a 
pesticide  with  a  small  leaching  potential  intersect 
at  3,  meaning  that  the  soil-  pesticide  interaction 
potential  is  a  3. 

Other  Considerations 

Soil  conditions  generally  prevalent  in  your 
area  when  you  apply  the  pesticide  should  be  con- 
sidered. Higher  temperatures  favor  volatilization 
so  a  highly  volatile  pesticide  (with  a  high  vapor 
pressure  coefficient)  may  result  in  loss  of  much  of 
the  pesticide  so  it  is  less  available  for  leaching  or 
runoff.  High  moisture  content  will  result  in  more 
leaching  and  runoff  and  higher  microbial  action. 

Pesticides  that  are  incorporated  are  less  likely 
to  runoff.  In-furrow  rather  than  banded  applica- 
tions of  soil  insecticides  can  reduce  runoff.  The 
least  amount  of  tillage  will  result  in  the  least 


Figure  9.  Potential  pesticide  loss  to  leaching 
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Potential  One 

Large:  The  herbicide  applied  on  this  soil  will  most  likely  leach  out  of  the  rooting  zone.  To  reduce  contamination,  consider 

using  a  different  herbicide  or  other  weed  management  technique  that  does  not  involve  a  herbicide. 

Potential  Two 

Medium:  The  herbicide  applied  to  this  soil  more  often  than  not  leaches  t>elow  the  rooting  zone,  thus  increasing  the  prob- 
ability that  it  will  contaminate  groundwater  supplies  and  will  not  move  off  the  field  in  surface  water  runoff.  Consider  using 
lower  rates,  other  application  techniques,  or  a  different  time  of  application  to  lower  the  probability  of  contaminating  the 
water  resource.  Also,  consider  using  a  herbicide  in  a  lower  ranking. 

Potential  Three 

Small:  The  herbicide  applied  on  this  soil  has  a  very  low  probability  of  leaching  below  the  rooting  zone  or  moving  off  the 

field  in  surface  runoff.  The  herbicide  may  be  used  according  to  its  label  with  little  hazard  to  groundwater  contamination. 
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Figure  10.  Potential  pesticide  loss  to  surface  runoff 
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using  a  different  herbicide  or  other  weed  management  technique  that  does  not  involve  a  herbicide . 

Potential  Two 

Medium:  The  herbicide  applied  to  this  soil  more  often  than  not  leaches  below  the  rooting  zone,  thus  increasing  the  prob- 
ability that  it  will  contaminate  groudwater  supplies  and  will  not  move  off  the  field  in  surface  water  runoff.  Consider  using 
tower  rates,  other  application  techniques,  or  a  different  time  of  application  to  lower  the  probability  of  contaminating  the 
water  resource.  Also,  consider  using  a  herbicide  in  a  lower  ranking. 

Potential  Three 

Small:  The  herbicide  applied  on  this  soil  has  a  very  low  probability  of  leaching  below  the  rooting  zone  or  moving  off  the 

field  in  surface  runoff.  The  herbicide  may  be  used  according  to  its  label  with  little  hazard  to  groundwaer  contamination. 


runoff  and  erosion.  Contour  tillage  and  planting 
will  also  significantly  reduce  runoff  and  erosion. 

Tillage  methods  may  influence  your  selection 
of  herbicides  according  to  the  method  of  applica- 
tion. Pesticides  that  are  incorporated  have  a 
greater  opportunity  to  come  into  contact  with  the 
soil  and  bind  to  the  soil.  Therefore,  they  are  less 
likely  to  leach  and  may  not  runoff  unless  soil  par- 
ticles are  moved  with  the  runoff. 

Management  options  to  reduce  the  probability 
of  pesticides  being  lost  from  the  target  site  include 
selecting  pesticides  with  lower  loss  potentials, 
changing  crop  rotations  to  decrease  the  need  for 
pesticides  because  the  change  interrupts  the  life 
cycle  of  the  pest,  and  crop  scouting  to  determine 
the  need  and  timing  for  pesticide  applications  on 
parts  of  fields  rather  than  entire  fields. 

Mixing,  Loading,  and 
Disposing  of  Pesticides 

Selecting  the  pesticide  that  is  least  likely  to 
leach  to  groundwater  or  be  carried  away  in  sur- 
face runoff  is  only  part  of  the  solution  to  protect- 
ing water  resources.  Mixing,  loading,  and 
disposing  of  pesticides  must  be  done  in  a  way  that 
protects  the  well  and  nearby  ditches  and  streams. 

The  first  important  step  is  to  thoroughly  read 
the  product  label  for  important  information  regard- 


ing rates  of  mixing  and  instructions  for  disposal. 
Always  calibrate  equipment  before  application 
and  never  exceed  recommended  rates  or  mix 
more  chemical  than  needed. 

Chemicals  should  be  loaded  and  mixed  away 
from  the  wellhead.  Water-only  nurse  tanks 
should  be  taken  to  the  field  where  mixing  and 
loading  should  take  place.  Pumping  equipment 
should  be  fitted  with  anti-backflow  devices  and 
check  valves.  When  filling  spray  tanks,  the  equip- 
ment should  always  be  attended  to  avoid  overflow. 

Empty  containers  should  be  immediately  triple- 
rinsed  or  pressure-rinsed  with  clean  water  directly 
into  the  spray  tank.  Crush  the  containers  after 
cleaning;  do  not  re-use  them  for  any  other  pur- 
pose. Empty,  rinsed  containers  should  be  dis- 
posed of  by  following  manufacturer's  instructions 
and  applicable  federal,  state,  and  local  regulations. 

Small  spills  should  be  cleaned  up  immediately 
by  excavating  the  contaminated  soil  and  tem- 
porarily storing  it  in  water-tight  containers.  The 
soil  may  be  safely  disposed  of  later  by  spreading 
it  very  thinly  over  an  area  in  the  field  away  from 
water  sources. 

After  application,  equipment  should  never  be 
rinsed  near  wellheads,  ditches,  streams,  or  other 
water  sources.  Leave  the  rinsewater  in  the  tank 
and  spray  it  out  over  the  field. 
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Management  Options  to  Prevent  Water  Quality  Degradation  from  Pesticides 


Ways  to  Protect  Water  Quality  by  Considering  Soil-  Pesticide  Interactions 

1 .  Use  Integrated  Pest  Management  tactics. 

2.  Reduce  unnecessary  use  of  pesticides.  Band  where  feasible. 

3.  Follow  pesticide  label  directions,  using  them  only  on  the  crops  or  sites  specified. 

4.  Calibrate  spray  equipment  before  applying  crop  protection  chemicals. 

5.  Never  exceed  labeled  chemical  rates. 

6.  Before  disposing  of  chemical  containers,  triple  rinse  or  pressure  rinse  them  and  place  the  liq- 
uid residue  into  the  spray  tank  to  make  up  the  final  spray  mixture. 

7.  Dispose  of  excess  chemical  mixture  by  adding  water  and  spraying  on  the  crop. 

8.  When  possible,  use  rinse  pads  to  capture  and  recycle  equipment  rinse  water. 

9.  Use  a  "water-only"  nurse  tank  to  provide  water  for  mixing  agricultural  chemicals. 

10.  Prevent  spills  and  back- si  phoning  when  mixing  and  loading  spray  tanks.  Always  keep  the 
discharge  end  of  fill  hoses  above  the  tank's  water  level.  Use  anti-backsiphon  devices. 

11 .  Test  drinking  water  for  pesticides,  nitrates,  and  coliform  bacteria. 

12.  Don't  mix  and  load  agrichemicals  within  200  feet  of  a  wellhead  or  other  water  source. 

13.  Store  pesticides  at  least  200  feet  away  from  any  drinking  water  wellhead.  Provide  secure, 
safe  storage  for  pesticides. 

14.  Don't  dispose  of  leftover  spray  mixtures  near  a  well,  stream,  or  drainage  area. 

15.  Don't  connect  an  irrigation  system  directly  into  a  public  water  system  when  using  chemiga- 
tion. 

16.  Control  quantity  and  timing  of  irrigation  water  to  minimize  chemical  movement  into 
groundwater. 

1 7.  Be  certain  chemigation  equipment  has  the  correct  and  functioning  anti-back  flow  devices. 
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Conclusion 


Through  knowledge  about  pesticides  and  soil 
properties,  we  can  reduce  the  potential  for  the  con- 
tamination of  our  water  resources  and  avoid  ad- 
verse effects  of  agrichemicals  on  environmental 
quality  and  human  health.  The  toxicity  of  a 
chemical  to  any  organism  is  direcdy  dependent  on 
exposure  to  the  chemical  and  dose  or  amount  of 
the  chemical.  Because  exposure  and  dose  are  de- 
pendent on  environmental  distribution  and  fate  of 
the  chemical,  behavior  of  the  chemical  in  the  en- 
vironment directly  determines  ecological  and 


health  impacts.  Humans,  livestock,  wildlife,  fish, 
and  beneficial  plants  can  be  directly  exposed  to 
pesticides  when  ground  or  surface  water  becomes 
contaminated.  The  likelihood  of  water  contamina- 
tion is  largely  influenced  by  the  interactions  of 
agrichemicals  and  soils.  By  properly  managing 
soils,  agrichemical  application,  and  handling  pro- 
cedures, we  hold  the  opportunity  for  significantiy 
reducing  water  contamination  and  agrichemical 
exposures. 
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Appendix 


Pesticide  Properties  and 
Potential  for  Movement 


This  Appendix  contains  the  common  or  chemi- 
cal names  and  trade  names  of  55  pesticides. 
Along  with  the  names  is  valuable  information  that 
will  enable  you  to  judge  whether  the  pesticide  will 
likely  run  off  or  leach  into  waters  from  your  land. 

Explanation  of  the  Table 

Column  1  -  trade  name 

The  first  column  contains  a  trade  name,  the 
name  that  appears  on  the  label  of  the  pesticide. 

Column  2  -  common  name 

The  second  column  contains  the  common  or 
chemical  name  of  the  pesticide. 

Column  3 -WS 

Water  Solubility.  The  water  solubility  in  mil- 
ligrams of  the  chemical  per  milliliter  of  water 
(also  called  ppm  or  parts  per  million).  Higher 
numbers  indicate  that  the  pesticide  is  more 
soluble.  Water  solubility  is  probably  the  single 
most  important  property  affecting  pesticide  move- 
ment into  water.  The  more  soluble  a  pesticide, 
the  more  likely  it  will  enter  the  water  and  travel 
into  groundwater  and  surface  water. 

Water  solubility  increases  as  temperature  rises. 
It  also  increases  when  there  are  organic  solvents 
in  the  pesticide  formulation. 


Column  4  -  Koc 

Soil  Adsorption  Coefficient.  It  is  the 
measure  of  the  tendency  of  a  pesticide  molecule 
in  the  soil  water  to  adhere  to  solids  such  as  soil 
and  organic  carbon.  Higher  soil  sorption  coeffi- 
cients mean  that  the  pesticide  is  more  likely  to  ad- 
here to  the  soil  and  stay  in  the  soil  rather  than 
enter  the  water  and  leach  into  groundwater  or  run 
off  into  surface  water.  Pesticide  sorption  is 
greater  in  soils  with  higher  organic  carbon  con- 
tent. Pesticides  with  lower  water  solubility  will 
have  higher  sorption  coefficients  because  if  they 
do  not  dissolve  easily  in  water,  they  will  more 
readily  adhere  to  the  soil  particles. 

Column  5  -  DT50% 

Pesticide  Half-Life.  It  is  the  period  of  time 
after  application  that  it  takes  for  50%  of  the  chemi- 
cal to  disappear  (whether  by  degradation  or  by 
movement  away  from  the  field).  The  symbol  < 
means  less  than. 

A  chemical  that  degrades  very  quickly  (ex- 
pressed as  very  few  days)  is  not  likely  to  pose 
much  risk  of  running  off  a  field  after  the  first 
heavy  rain  following  application.  A  chemical  that 
degrades  slowly  (expressed  by  many  days)  poses 
a  risk  of  runoff  or  leaching  with  each  rainfall  long 
after  application. 

Column  6- VP 

Vapor  Pressure.  The  measure  of  the  tenden- 
cy of  the  pesticide  to  change  from  a  liquid  to  a  gas 
and  escape  into  the  air  (called  volatizing).  It  is  ex- 
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Appendix 


pressed  in  millimeters  of  mercury.  The  reason  the 
figures  are  presented  as  they  are  is  that  the  num- 
bers are  very  small.  The  VP  for  acephate  (Or- 
thene),  for  instance  is  2.3x10'  ,  which  represents 
the  number  0.000000023.  Use  the  figures  to  com- 
pare the  relative  strength  of  the  tendency  of  the 
pesticide  to  change  from  a  liquid  to  a  gas.  The 
stronger  the  tendency,  the  higher  the  vapor  pres- 
sure. 

The  vapor  pressure  of  chemicals  affects  water 
quality  because  air  currents  can  carry  them  over 
bodies  of  water  where  they  may  be  redeposited  in 
rainfall.  Insecticides  and  herbicides  that  have 
very  high  vapor  pressures  must  be  incorporated 
into  soil  after  application  to  prevent  them  from 
evaporating. 


Column  7  -  Runoff 

The  general  tendency  of  the  pesticide  to  runoff 
the  land.  The  higher  the  Koc,  the  greater  the  ten- 
dency to  move  with  eroding  soil.  Pesticides 
which  have  moderately  low  Koc  will  runoff  with 
moving  water. 

The  tendency  for  movement  is  expressed  as 
low,  moderate,  or  high. 

Column  8  -  Leaching 

The  general  tendency  of  the  pesticide  to  dis- 
solve in  water  and  leach  or  percolate  through  the 
soil,  expressed  as  high,  moderate,  low,  and  very 
low. 
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Glossary 


adsorb  the  attachment  of  a  substance  to  the  sur- 
face of  a  solid 

agricultural  chemicals  chemical  materials 
used  in  agriculture.  All  "natural"  chemicals 
are  also  chemical. 

aerobic  living  or  active  in  the  presence  of 
oxygen 

ammonia  (NH3);  a  material  composed  of  82% 
nitrogen  and  18%  hydrogen 

ammoniated  phosphate  fertilizers  material 
formed  by  reacting  phosphoric  acid  with  am- 
monia 

ammonium  compound  a  material  that  con- 
tains N  as  NH4 

anaerobic  living  or  active  in  the  absence  of 
oxygen 

anhydrous  ammonia  (NH3);  the  same  as  am- 
monia, used  as  N  fertilizer 

anion   a  negatively  charged  particle 

aquifer  an  aquifer  is  made  up  of  natural 

material  with  interconnected  openings  large 
enough  to  transmit  water  readily  to  a  well 

attenuating  capacity  includes  all  physical, 
chemical,  and  biological  processes  that  reduce 
the  concentration  of  a  pesticide 


B 


biodegradability  the  breakdown  of  a  com- 
pound due  to  the  activities  of  living  or- 
ganisms, principally  bacteria  and  fungi 

biological  pest  controls  control  by  predators 
and  parasites,  either  naturally-occurring  or  in- 
troduced 

buffer  strips   strips  of  grass  or  other  vegetation 
intended  to  remove  sediment  or  other  pol- 
lutants from  runoff 


cation   a  positively  charged  particle 

colloidal  complex   that  part  of  the  soil 

(primarily  organic  matter  and  some  clays)  that 
will  hold  positively  charged  particles 

confined  aquifer  an  aquifer  bounded  above 
and  below  by  confining  units  of  distinctly 
lower  permeability  than  that  of  the  aquifer  it- 
self 


deep  percolation   movement  of  water 

downward  by  gravity  through  several  layers 
of  soils  material 

denitrif  ication  the  biochemical  process  by 
which  nitrate  is  transformed  into  volatile  gas- 
ses,  mostly  by  bacteria 

denitrification  zone  zone  in  the  soil  where 
nitrates  may  be  present  and  anaerobic  condi- 
tions may  exist,  resulting  in  losses.  Losses 
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are  greatest  in  water-logged  and  poorly- 
aerated  soils. 


essential  nutrients  the  16  elements  that  are  re- 
quired by  plants  for  growth  and  development 

eutrophication   an  increase  of  the  volume  of 
nutrients  in  surface  bodies  of  water  which 
stimulates  excessive  growth  of  aquatic  plants 
and  reduces  the  amount  of  oxygen  in  the  water 


Federal  Water  Pollution  Control  Act  com- 
monly known  as  the  Clean  Water  Act 
(CWA),  by  which  congress  established  a  na- 
tional strategy  to  reduce  water  pollution 

fertilizer  manufactured,  mined,  or  naturally  oc- 
curring materials  that  contain  plant  nutrients 

fractures  in  the  bedrock    cracks  in  solid  rock 
overlain  in  most  places  by  soil  or  rock  frag- 
ments 


gaseous  nitrogen  usually  N2,  N2O,  NC)2,  or 
NH3;  any  nitrogen-containing  compound  that 
is  volatile  at  normal  atmospheric  pressure. 
N2  is  a  colorless,  odorless,  inert  gas  constitut- 
ing about  four-fifths  of  the  air. 


H 


half-life  (DT50%)   the  time  required  for  one-half 
of  a  substance  to  degrade  or  become  inert.  In 
general,  the  longer  the  half-life,  the  greater 
the  potential  for  pesticide  movement.  A  pes- 
ticide with  a  half-life  greater  than  21  days 
may  persist  long  enough  to  leach  or  move 
with  surface  runoff  before  degrading. 

herbicide    a  pesticide  used  to  kill  undesirable 
vegetation 


hydrologic  cycle  distribution  of  water,  kept  in 
motion  by  solar  energy  and  gravity 

hydrolysis  a  chemical  reaction  with  water  in 
which  new  compounds  are  formed,  resulting 
in  decomfX)sition  of  the  chemical 

hydrolyze   the  action  of  chemically  combining 
with  water  to  form  a  different  compound 


I 


infiltration   the  downward  movement  of  water 
into  the  soil 


K 


karst  or  limestone  region  topography  charac- 
terized by  depressions  without  external 
drainage,  such  as  sinkholes  and  underground 
caverns  resulting  from  dissolution  of  car- 
bonate bearing  rock  by  water 

Koc   a  measure  of  soil  adsorption,  the  tendency 
of  pesticides  to  be  attached  to  soil  particles. 
Higher  values  (greater  than  1000)  indicate  a 
pesticide  that  is  strongly  attached  to  soil  and 
is  less  likely  to  move  unless  soil  erosion  oc- 
curs. Products  with  lower  values  (less  than 
300  to  500)  tend  to  move  with  water  and  have 
the  potential  to  leach  or  move  off-site  with 
surface  water  runoff. 


lacustrine  deposits  that  resulted  from  the 
presence  of  a  lake 

leaching  the  movement  of  dissolved  materials 
downward  through  soils  with  the  percolation 
of  water 

longevity  length  of  life 


M 


macropores   large  openings  in  soil,  resulting  in 
rapid  water  movement 
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methemoglobinemia    occurs  when 

hemoglobin,  the  oxygen-carrying  component 
of  blood,  is  converted  by  nitrate  to 
methemoglobin,  which  interferes  with  the 
transport  of  oxygen  through  the  body. 
Oxygen  starvation  results  in  a  bluish  dis- 
coloration of  the  body,  referred  to  as  the  "blue 
baby"  syndrome  in  infants. 


N 


nitrate  N   the  N  contained  in  nitrate  (NO3) 

nitrification  inhibitor  a  material  that  inhibits 
the  nitrosomonas  bacteria,  the  organism 
which  oxidizes  ammonium  N  to  nitrate  or 
nitrite,  which  is  susceptible  to  loss  by  leaching 

nitrite  NO2;  a  compound  containing  2  parts 
oxygen  and  1  part  nitrogen.  It  is  toxic  to  most 
living  things. 

nitrogen  (N)   an  essential  plant  nutrient.  Also, 
in  pure  form,  a  main  constituent  (80%)  of  air. 

nonpoint  source  a  diffuse  or  nonspecific 
source  of  pollution 

non-polar  solvent  a  solvent  that  will  not  mix 
with  water 


organic  matter  the  humic  or  organic  fraction 
of  the  soil  that  has  the  ability  to  adsorb  ions 

organophosphorus  insecticides  a  class  of 
insecticides  that  affects  the  nervous  system 

orthophosphate  (H2PO4  and  HPO4)  phos- 
phorus compounds  that  are  available  for  plant 
uptake 

oxidation   the  chemical  combination  of  an  ele- 
ment or  compound  with  oxygen 


partition  coefficient  the  tendency  for  like 
molecules  to  move  fixjm  an  aqueous  phase 
into  an  organic  phase,  a  measure  of  pesticide 
affinity  for  fatty -type  materials 

percolation   the  downward  movement  of  water 
through  the  soil 

permeability  the  rate  of  diffusion  of  water 
through  a  porous  material 

persistence  the  resistance  to  degradation 
measured  by  the  j)eriod  of  time  required  for 
complete  degradation  of  a  material  (see  half- 
life) 

pesticide  formulation  the  salable  form  of  a 
pesticide 

pesticides  substances  used  to  kill  or  control 
pests  such  as  weeds,  insects,  fungi,  and  other 
undesirable  agents 

pH     a  measure  of  alkalinity  or  acidity  (pH  7.0  is 
neutral;  less  than  7.0  is  acidic;  greater  than 
7.0  is  alkaline) 

phosphorus  (P)   an  essential  plant  nutrient 

photodegradation  the  breaking  down  of  a 
chemical  by  means  of  radiant  energy 

polyphosphates  orthophosphates  with  some 
water  removed 

point  source  a  specific,  localized  source  of  pol- 
lution 

pore  space   openings  in  soil  through  which  air 
and  water  can  move 

potassium  (K)   an  essential  plant  nutrient 

preplant  the  application  of  materials  to  soil 
prior  to  planting  a  crop 
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rock  phosphate   a  naturally  occurring  ore  from 
which  phosphorus  can  be  extracted 

root  zone   the  depth  of  soil  penetrated  by  crop 
roots 


saturated  condition  when  all  of  the  available 
pores  are  filled  with  water 

sidedress  the  application  of  materials  to  soil 
after  a  crop  is  up  and  growing — commonly 
used  in  N  application 

sinkholes  a  depression  in  the  landscape  where 
limestone  has  been  dissolved 

soil  profile  a  vertical  cross-section  of  a  soil 
from  the  surface  to  a  depth  equal  to  potential 
root  penetration,  including  its  horizons 

soil  properties  the  way  soil  particles  are  ag- 
gregated, which  also  affects  water  movement 

soil  sorption  coefficient  a  measure  of  the 
process  of  taking  up  and  holding  by  either  ab- 
sorption or  adsorption 

solubility  the  maximum  amount  of  a  material 
that  will  dissolve  in  a  specified  solvent 

sorption    the  process  of  taking  up  and  holding  a 
chemical  by  soil  organic  matter  and  clays 


u 


UAN    solutions  containing  28%  to  32%  nitrogen, 
containing  urea  and  ammonium  nitrate 

urea  (CO(NH2)2   a  naturally  occurring  or 
manufactured  compound  used  as  an  N  fer- 
tilizer, containing  not  less  than  45%  nitrogen 


vapor  pressure   a  measure  of  tendency  of  like 
molecules  to  escape  from  one  another 

volatilization  the  formation  and  movement  of  a 
gas  into  the  atmosphere 


w 


water  solubility   die  amount  of  a  substance  that 
will  dissolve  at  a  given  temperature  in  water 
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